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PREFACE 

This  report  documents  the  results  of  development  work  to 
modify  the  AH-1S  helicopter  Structural  Integrity  Recording  Sys¬ 
tem  (SIRS).  The  work  was  performed  by  Technology  Incorporated, 
Dayton,  Ohio  under  Contract  DAAKS1- 81-C-003S ,  which  was  sponsored 
by  the  Applied  Technology  Laboratory,  U.S.  Army  Research  and 
Technology  Laboratories  (AVRADCOM) .  The  Project  Monitor  for  the 
Army  was  Mr.  Duane  Saylor. 


The  principal  Technology  Incorporated  personnel  conducting 
this  program  were  J.  Dotson,  Project  Engineer;  A.  Kolb,  Senior 
Aeronautical  Engineer;  and  M.  Jackson,  Computer  Programmer. 

This  report  contains  a  discussion  of  all  technical  aspects 
of  the  progi  am  as  well  as  fatigue  life  information  composed  from 
flight  test  data. 
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INTRODUCTION 


The  work  reported  is  part  of  a  continuing  program  to  reduce 
cost  and  improve  the  effectiveness  of  U.S.  Army  helicopter  oper¬ 
ations.  Previous  efforts  in  this  area  were  concerned  with  the 
development  of  a  Structural  Integrity  Recording  System  (SIRS)  for 
AH- 1G  and  AH-1S  helicopters.  In  this  report  the  development  of  a 
computer  program  capable  of  accepting  the  data  from  the  SIRS 
recorder  for  the  purpose  of  assessing  accumulated  fatigue  damage 
to  critical  AH-1S  helicopter  components  is  described.  In  addi¬ 
tion,  the  development  and  testing  of  a  lift-link-based  sensor 
system  for  helicopter  gross  weight  measurements  is  discussed. 

The  efforts  described  in  this  report  complete  the  develop¬ 
ment  of  a  fatigue  damage  assessment  system  which  can  permit  the 
full  utilization  of  costly  dynamic  helicopter  components. 

STRUCTURAL  INTEGRITY  RECORDING  SYSTEM  OVERVIEW 

The  SIRS  system  consists  of  an  airborne  microprocessor-based 
recorder,  a  portable  flight-line  data  retrieval  unit,  and  a  data 
processing  package.  The  recorder  monitors  various  flight  param¬ 
eters  and  stores  preselected  types  of  operational  data  within  its 
nonvolatile  solid-state  memory.  Data  are  retrieved  by  a  portable 
flight-line  retrieval  unit  which  transfers  the  recorded  data  onto 
miniature  tape  cassettes.  Each  cassette  can  store  the  average 
monthly  operational  data  of  50  helicopters.  The  data  processing 
package,  called  Fatigue  Damage  Assessment  System  (FDAS) ,  reduces 
the  recorded  helicopter  data  to  calculate  incremental  fatigue 
damage  for  selected  fatigue -critical  components. 

APPROACH 

The  contract  performance  consisted  of  three  tasks.  Task  A 
included  definition  of  the  FDAS  component  damage  equations  for 
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the  AH- IS  helicopter.  During  Task  B  the  FDAS  program  was  used 
to  reduce  data  from  flight  tests  reported  in  Reference  1 . 

The  redesign  and  testing  of  an  improved  lift-link  strain  trans¬ 
ducer  system  was  performed  under  Task  C. 

Task  A  was  an  adaptation  of  the  fatigue  damage  assessment 
program  previously  developed  for  components  of  the  AH -HI  heli¬ 
copter.  The  functional  aspects  of  the  AH-lCi  program  were  main¬ 
tained  but  a  new  set  of  damage  rate  coefficients  and  a  new- 
grouping  of  manufacturer's  design  spectrum  flight  conditions  were 
defined.  A  two-step  approach  was  adopted  whereby  a  preliminary 
FORTRAN  computer  program  was  written  for  an  in-house  DHC  PI)P- 
11/70  computer  and  then,  after  testing,  the  program  was  modified 
to  run  on  the  AVSCOM  IBM  360  computer. 

The  lift-link  gross  weight  measurement  concept  was  tried 
during  the  AH-1G  and  AH-1S  data  recording  programs.  However,  the 
data  obtained  lacked  consistency  which  was  assumed  to  be  caused 
by  problems  with  the  attachment  of  the  strain  sensor.  For  this 
reason,  the  sensor  brackets  were  redesigned  to  assure  positive 
attachment  to  the  lift  link. 


Dotson,  J.G.,  and  Kolb,  A.W.,  "Structural  Integrity  Recording 
System  (SIRS)  for  U.S.  Army  AH- IS  Helicopters,”  Technology 
Incorporated,  USAAVRADCOM  Technical  Report  TR-S1-D-6,  Applied 
Technology  Laboratory,  U.S.,Army  Research  and  Technology 
Laboratories  (AVRADCOM)  ,  Ft.  Lust  is,  VA,  March  1981,  AD  A09S256. 
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where  : 


D  =  total  damage  to  a  component  accumulated 
during  exposure  to  the  usage  spectrum 

Vi 

=  component  damage  accrued  during  the  k  n 
flight  condition  category 

=  damage  rate  in  flight  condition 

:  category  for  a  particular  component 

=  amount  of  flight  time  spent  in  k*h 
flight  condition  category 

Tt  =  total  flight  time 

FL  =  component  fatigue  life 

m  =  number  of  flight  condition  categories. 

The  FCM  method  of  fatigue  damage  assessment  requires  ana¬ 
lyzing  the  manufacturer's  fatigue  analysis  to  first  define  a 
technically  feasible  FCM  system  and  then  to  establish  damage  rates 
for  each  component  in  each  flight  condition  category.  After 
these  data  have  been  developed  and  substantiated,  the  selected 
flight  parameters  can  be  monitored  to  assess  the  accrued  fatigue  2 

B 

damage  of  critical  helicopter  components  susceptible  to  fatigue 
damage . 


DEVELOPMENT  OF  A  FATIGUE  DAMAGE  ASSESSMENT 
SYSTEM  (FDAS)  FOR  AH- IS  HELICOPTERS" 

Under  Contract  DAAJ02 -  75- C- 005 0  Technology  Incorporated 
developed  a  Structural  Integrity  Recording  System  (SIRS)  that 
consisted  of  a  microprocessor-based  data  recorder,  a  micro¬ 
processor-based  data  retrieval  unit,  and  a  software  package 
called  FDAS  (Fatigue  Damage  Assessment  System).  Using  the  Flight 
Condition  Monitoring  (FCM)  concept,  the  airborne  recorder  col¬ 
lected  aircraft  usage  data  on  the  AH-1G  Cobra.  These  data  were 
then  reduced  by  the  AH- 1 G  FDAS  software  package  to  obtain  in¬ 
cremental  fatigue  damage  to  ten  fatigue-critical  components  in 
the  main  and  tail  rotor  systems. 

In  a  follow -on  contract,  DAAJ02 -  7 7  - C- 00 79 ,  the  data  collec¬ 
tion  portion  of  SIRS  was  adapted  to  the  AU-1S  Cobra.  Five  re¬ 
corders  were  modified  and  installed  on  aircraft,  at  Fort  Rucker, 
Alabama . 

The  physical  similarity  between  the  two  aircraft  and  the 
close  correspondence  between  the  manufacturer's  design  utiliza¬ 
tion  spectra,  as  outlined  in  Tables  1  and  2,  meant  that  the  con¬ 
cepts  of  the  FCM  system  outlined  in  References  2  and  3  were 
almost  directly  applicable  to  the  AH-1S.  The  similarity  between 


1 

“  Johnson,  R.B.,  Martin,  G.L.,  and  Moran,  M.S.,  "A  Feasibility 
Study  for  Monitoring  Systems  of  Fatigue  Damage  to  Helicopter 
Components,"  Technology  Incorporated,  USAAMRDL  Technical  Re¬ 
port  74-92  ,  Eustis  Directorate,  U.S.  Army  Air  Mobil  it>  Re¬ 
search  and  Development  Laboratory,  Ft.  Eustis,  V A ,  January 
1975,  AD  A06641. 

Farrell,  T.G.,  Johnson,  R.B.,  and  Tyler,  M.C.,  -  Technology 
Incorporated,  "Structural  Integrity  Recording  System  (SIRS) 
for  U.S.  Army  AH-1G  Helicopters,”  USAAVRADCOM  TR-80-D-15, 
Applied  Technology  Laboratory,  U.S.  Army  Research  and  Tech¬ 
nology  Laboratories  (AVRADCOM) ,  Ft.  Eustis,  VA,  March  1981, 
AD  A097283. 


TABU:  1.  DESIGN  UTILIZATION  SPECTRUM,  MODEL  AII-1G  HELICOPTER 


\ 


m- 


t 


F  light  Conti  i  t  ions 
I.  Ground  Conditions 

A.  Normal  Start 

B.  Shutdown 

It.  IGF.  Maneuvers 
A.  Takeoff 

1 .  Norma  1 

2.  Jump 


B .  Move  ring 
1.  Steady 


Right  Turn 


Left.  Turn 


A.  °  f  /'light  7  ime 

Gr oss  Ve  l  g n  t 

Total  Breakdown 


0. SOnn 

0.  soon 


1.  •  GW 

O.  1  R!i 

M  -  GW 

0.  4  50 

H-GW 

0.  90  0 0 

0.  2?fl 

l.  ck 

n  pjn 

M  -  GW 

n  .  n  0 

H-GW 

0 .050 

i\  j  o  r  '  i 


i.-c.w 

M-GW 
H  -  GW 

:.r-o 

l.-GW 

m-gw 

H-GW 

O  1  »..n 

i  •  cw 
*i  gw 
H-r-w 

r.  1  niifi 


o.  4  5  4 
]  .  0  5:> 
! .  6  5  ! 


(i.  0  5  0 
n  n  * 

o. 


4.  Control  Correction 


fA'  Longitudinal  i.-G’.v  ‘2 

M  -  GW 

H-GW  0.  0 '''  5 

r.  0  1  fin 

(B)  Lateral  L-GW  n.  °0; 

M-GW  0.0:.’  5 

H-GW  0 . 0  o  3 

0 . 0100 

(C)  Rudder  I. -GW  0.00: 

M-GW  0 . 00  5 

H-GW  0.005 

n.  0100 

C.  Sideward  Flight 

1.  To  the  Right  L-GW  0.050 

M-GW  0.125 

H-GW  0.075 

o .  2500 

2.  To  the  Left  L-GW  n.0S0‘ 

M-GW  0.125 

H-GW  0.  0 7 5 

n.  2500 

D.  Rearward  Flight  L-GW  -.050 

M-GW  -1.125 

H-GW  n.  0 7 5 

u.  2500 


TABLE 


1.  DESIGN  UTILIZATION  SPECTRUM,  MODEL  AH-1G  HELICOPTER  (Continued) 
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TABLE  1.  DESIGN  UTILIZATION  SPECTRUM,  MODEL  AH-1G  HELICOPTER  (Continued) 
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DESIGN  UTILIZATION  SPECTRUM,  MODEL  AH-1G  HELICOPTER  (Continued) 
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U .  5  1 0 

M-GW 

1.2'5 

If -GW 

2 . 5500 

0.  '65 

Gunnery  Maneuver? 

A. 

Hiring  in  a  Hover 

L  -  GW 

0.01  5 

II  -  GW 

0.  058 

H-GW 

0.0-50 

0.023 

B. 

Strafing  in  Accel. 
From  a  Hover 

L  -  GK 

0.  010 

M-GW 

0.025 

H-GW 

0.  0500 

0.  015 

c. 

Gunnery  Runs 

1.  Point  Target  Runs 

(A)  To  0.6  VL 

I. -GW 

l).  056 

M  -  GW 

0.  140 

II  -GW 

0.  2600 

0.  084 

(B)  To  O'.  8  VL 

!.  -  GW 

0.  168 

M-GW 

0.  420 

H-GW 

0.  8400 

0.  252 

(C)  To  0.9  VL 

l.-GW 

0.280 

M-GW 

•\  700 

H-GW 

1  . 4000 

n,  420 

IS 


I 


TABLE  1.  DESIGN  UTILIZATION  SPECTRUM,  MODEL  All -1C.  I1E1.1COP  IL.R  (Continued) 


| 

I 


TABU-  1.  DESIGN  UTILIZATION  SPECTRUM,  MODEL  AH - 1 G  HELICOPTER  (Continued) 


i  •  conditions 

n  .i  vi. 


svmno ♦ i ical 
!  \  *  .  c  \  L 


I  H  )  0.8  VI. 


fC)  0.9  YL 


(.0)  VI. 


l  o  1' 

"i  ota  1 

L  nw 
M-nw 

H-f’W 

0.  1  OMM 


I  *:iv 
M  -  ‘  *.  K 
II -MV 


J.-Mv 
M  -r.w 
H  •  M* 


1  .r.w 

m  -i;w 

H  -  (IK 


I.  My 
•I  Mv 

H  MV 

0.  1  11 


I  1  i  ,  *  h  t  ]  l  r<  c 

'Tross  Wo  i  j’lit 
Breakdown 

i,  1 1 2 n 

,.05  0 
o,  n  j 1) 


no: 
ij.  '  o  .> 
m  .  n  n  $ 

c  n ' '  f) 
I'.  0  1  5 

<;  f)i)«) 


.Min 


U.  'Ml? 


I .  Hunnery  lurns 
1  .  lo  tlic  Pi  s; li t 


{  A  i 

0 . 5  VII 

i.  r;w 

■1  GW 

"  .  IKS 

II  GW 

0.  3  "  5  f' 

..'.13 

IB) 

0.  *  VH 

1  -GW 

.  n " 

•1  GW 

.  ms 

II  -  GW 

0.  3750 

1,11! 

(Cl 

0.9  VH 

l.-GW 

0.  isn 

M-GW 

C.  J’5 

H-GW 

0.  2  2  5 

0.7500 


2.  To  the  Left 


fA) 

n.  5 

VH 

l.-OW 

0.075 

M-GW 

C .  ISP 

II  -  GW 

0.  3750 

P.113 

f  B) 

0.7 

VH 

I. -GW 

0.075 

M-GW 

0.  188 

M-GW 

i).  3750 

0.113 

(C) 

0.9 

VH 

I. -GW 

O.  150 

M-GW 

0.375 

H-GW 

0.  725 

('.7500 
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TABLE  1.  DESIGN  UTILIZATION  SPECTRUM,  MODEL  AH-1G  HELICOPTER  (Continued) 


*  of  Flight  Tine 


Flight  Corn! i t ions 

Gross  Weight 

Total 

Breakdown 

F.  S-Turns 

1  .  At  0.8  VII 

1.  GW 

0.  040 

MOW 

0.  100 

H  GW 

0.  20  00 

0.  060 

2.  At  VII 

i.  ■  gw 

0.015 

M-GW 

0.  038 

fl-GW 

0.0750 

0.022 

VI.  Powr Transitions 

A.  Power  to  Auto 

l  .  0.  *  VII 

1.  •  c  w 

o.  oi  n 

M-GW 

0.  025 

II -  GW 

0.  050(1 

0.  01  5 

2  .  0.7  VM 

..  -  GW 

0.025 

M-GW 

1).  063 

H-GW 

0.  1250 

(1.038 

3 .  0.9  VH 

l  -  GW 

0.  0  3  5 

M-GW 

n.  o  8  8 

II- GW 

0.  1750 

0.  053 

B.  Auto  to  Power 

1 .  In  Ground  1  f f ec t 

L  -  GW 

0.  030 

M-GW 

n.  075 

II -GW 

0.  1  500 

0.045 

2.  0.4  VH 

L  -  GW 

0.  02  0 

M-GW 

0.050 

H-GW 

0.  1000 

0.030 

3.  0.6  VH 

L-GW 

0.015 

M-GW 

0.  038 

H-GW 

0.  0750 

0.023 

4.  Max  Auto  A/S 

L  -  GW 

0.  005 

M-GW 

0.013 

H-GW 

0.0  2  50 

n.  008 

VII.  Autorotation 

A .  Stabi 1 i zed  FI ight 

I.  0,4  VH 

L-GW 

0.  040 

M-GW 

o.  100 

H-GW 

U. 2000 

0.060 

2.  0.5  VH 

L  -  GW 

i’.  280 

M-GW 

n  -00 

H-GW 

0.  420 

1  .  <1000 
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TABLE  1.  DESIGN  UTILIZATION  SPECTRUM,  MODEL  AH-1G  HELICOPTER  (Concluded) 


Flight  Conditions 


%  of  F 1  lght  Time _ 

~  Gross  U'elgJit 

Total  Breakdown 


3.  Max  Auto  A/S  L-GW 

M-GW 
H-GW 


B.  Auto  Turns 

1.  To  the  Right 

(A)  0.4  VII  l.-GW 

M-GW 
H-GW 


(B)  0.6  VII  l.-GW 

M-GW 
H-GW 


(C)  Max  Auto  A/S  l.-GW 
M-GW 
H-GW 


To  the  left 

f A 1  0.4  VII  I  GW 

M  •  GW 
H  GW 


{  B)  0 . 6  VII  L  GW 

M  GW 
H-GW 


(C)  Max  Auto  A/S  l.-GW 
M  -  GW 
H-GW 


C.  Auto  Landing  L-GW 

M  GW 
H-GW 


n.  060 

0.  150 
0.  090 

0. 3000 


0.010 

0.025 

0.015 

0.  0500 

0.  08  0 
0.  200 
0.  120 

0.  4000 

0.010 
O.  02  5 
0.015 

o.  nsoo 


0.010 
n.025 
I).  01  5 

O.0500 

0.  080 
0.200 
0.  120 

0.4000 

n.  n  i  o 

0.025 

0.015 

n.  0500 

0.  050 
0 .  12  5 
n.  o **  5 

f>.  2  500 
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TABLE 


DESIGN  UTILIZATION  SPECTRUM  -  MODEL  /Ml- IS 


_ T  of  Flight  Time _ 

Gross  Weight 

Flight  Conditions  Total  Breakdown 

I.  Ground  Conditions 

A.  Normal  Start  .5000 

B.  Shutdown  W/Coll.  .5000 

II.  IGE  Maneuvers 
A.  Takeoff 


1.  Normal  L-GW  .1800 

M-GW  .4500 

H-GW  .2700 

.9000 

2.  Jump  L-GW  .0200 

M-GW  .0500 

H-GW  .0300 

.1000 

B.  Hovering,  RPM 

1.  Steady-294  L-GW  .1000 

M-GW  .2500 

H-GW  .1500 

.5000 

2.  Steady- 304  L-GW  .1000 

M-GW  .2500 

H-GW  .1500 

.5000 

3.  Steady-314  L-GW  .0940 

M-GW  .2350 

H-GW  .1410 

.4700 

4.  Steady-324  L-GW  .1400 

M-GW  .3500 

H-GW  .2100 

.7000 

5.  Right  Turn  L-GW  .0200 

M-GW  .0500 

H-GW  .0300 
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.1000 


TABLE  2.  DESIGN  UTILIZATION  SPECTRUM  -  MODEL  AH- IS  (Continued) 


Flight  Conditions 

6.  Left  Turn 


°o  of  FI 


Total 

L-GW 

M-GIV 

H-GW 

.1000 


7.  Control  Corrections 


(A)  Longitudinal  L-GW 

M-GW 

H-GW 

.0100 

(B)  Lateral  L-GW 

M-GW 

H-GW 

.0100 

(C)  Haoder  L-GW 

M-GW 

H-GW 

.0100 

C.  Sidward  Flight 

1 .  To  the  Right  L-GW 

M-GW 

H-GW 

.2500 

2.  To  the  Left  L-GW 

M-GW 

H-GW 

.2500 

D.  Rearward  Flight  L-GW 

M-GW 

H-GW 

.2500 


E.  Acceleration 


1.  Hover  to  Climb  A/S  L-GW 

M-GW 

H-GW 


.5000 
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ight  Time _ 

Gross  Weight 
Breakdown 


.0200 

.0500 

.0300 


.0020 

.0050 

.0030 


.0020 

.0050 

.0030 


.0020 

.0050 

.0030 


.0500 

.1250 

.0750 


.0500 

.1250 

.0750 


.0500 

.1250 

.0750 


.1000 

.2500 

.1500 


TABLE 

2.  DESIGN  UTILIZATION 

SPECTRUM 

-  MODEL  AH- 

-IS 

(Continued) 

% 

of 

Flight  Time 

Gross  Weight 

Flight  Conditions 

Total 

Breakdown 

F. 

Decelerat ion 

1 .  Normal 

L-GW 

.1400 

M-GW 

.3500 

H-GW 

.7000 

.2100 

2.  Quick  Stop 

L-GW 

.0600 

M-GW 

.1500 

H-GW 

.3000 

.0900 

G. 

Approach  and  Landing 

L-GW 

.2000 

M-GW 

.5000 

H-GW 

1.0000 

.3000 

III.  Tow 

Maneuvers 

A. 

Pop-up  from  Hover 

M-GW 

.2500 

H-GW 

.5000 

.2500 

B. 

Hover  OGE 

M-GW 

1.0000 

H-GW 

2.0000 

1.0000 

C. 

Lateral  Acceleration 
and  Reversal 

1.  50  Kts  Right/Left 

M-GW 

.2500 

H-GW 

.5000 

.2500 

2.  50  Kts  Left/Right 

M-GW 

.2500 

H-GW 

.5000 

.2500 

D. 

Abrupt  Descent  to 

M-GW 

.2500 

Hover  IGE 

H-GW 

.2500 

.5000 
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TABLE  2.  DESIGN  UTILIZATION  SPECTRUM  -  MODEL  AH-1S  (Continued) 


_ %  of  Flight  Time _ 

Gross  Weight 

Flight  Conditions  Total  Breakdown 


E.  90-Degree  Getaway 
from  Hover  OGE 


1.  To  the  Right 

M-GW 

.1250 

H-GW 

.2500 

.1250 

2 .  To  the  Left 

M-GW 

.1250 

H-GW 

.2500 

.1250 

F.  Rapid  Deceleration 

M-GW 

.2500 

to  Hover  OGE 

H-GW 

.5000 

.2500 

Forward  Level  Flight 

Airspeed  RPM 

A.  0.5  VH  314 

L-GW 

.1000 

M-GW 

.2500 

H-GW 

.5000 

.1500 

324 

L-GW 

.9000 

M-GW 

2.2500 

H-GW 

4.5000 

1.3500 

B.  0.6  VH  314 

L-GW 

.0400 

M-GW 

.1000 

H-GW 

.2000 

.0600 

324 

L-GW 

.3600 

M-GW 

.9000 

H-GW 

1.8000 

.5400 

C.  0.7  VH  314 

L-GW 

.0600 

M-GW 

.1500 

H-GW 

.3000 

.  0900 

324 

L-GW 

.5400 

M-GW 

1 . 3500 

H-GW 

2 . 7000 

.8100 

2  3 

.  _ 

tabu: 


TABU:  2.  DESIGN 

UTILIZATION' 

SPECTRUM 

-  MODEL  All- IS 

( Com  i  nued  j 

o  f 

1  I J  ga !  i  i  file 

1 

! 

?! 

! 

|j 

FI ight  Conditions 

loti  I 

li  reakdow  n 

Ai rspeed 

RPM 

D.  0.8  VH 

31  4 

L-GW 

.  5(>;)U 

M-GK 

H-GW 

1 .5000 

.  4  5  0  u 

324 

L-  GW 

2 .7000 

M-GW 

(> .  7500 

H-CK 

15.S000 

4 . 0500 

E .  0.9  VH 

314 

L-GW 

.5000 

M-GK 

1 .2500 

H-GK 

2 . 3000 

.  "500 

.32  1 

I..-GK 

4.5000 

M-GK 

1  1  .2500 

H-GW 

22.5000 

0 . 7500 

F .  VH 

314 

L-GK 

.2000 

M-GK 

.5000 

H-GK 

1 .0000 

.3000 

324 

L-GW 

I  .8000 

M-GW 

4.5000 

H-GW 

2.7000 

9.0000 


V.  Nonfiring  Maneuvers 
A.  Full  Power  Climb 


1  . 

To 

70  Knots 

L-GW 

.8000 

M-GW 

2.0000 

H-GW 

1.2000 

4.0000 

2. 

To 

120  Knot? 

L-GW 

.2000 

M-GW 

.5000 

H-GW 

.3000 
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1 . 0000 


TABU 


IlLSIGN  UTILIZATION  SPLCTRUM  -  MODT.L  All  - 1 S  (Continued) 


A  of 


Plight  Conditions 

Total 

B.  Maximum  Rate  Accel. 

L-GW 

Climb  to  0.9  VI 1 

M-GW 

11-GW 

2.8000 

C.  Normal  Turns 

1 .  To  the  Right 

(A)  0.5  VH 

L-GW 

M-GW 

11-GW 

1 . 0000 

(B)  0.7  VH 

L-GW 

M-GW 

H-GW 

1.0000 

(C)  0.9  VH 

L-GW 

M-GW 

H-GW 

2 . 0000 

2.  To  the  I, eft 

(A)  0.5  VII 

L-GW 

M-GW 

H-GW 

1.0000 

(B)  0.7  VH 

L-GW 

M-GW 

11-GW 

1 .0000 

(C)  0.9  VH 

L-GW 

M-GW 

H-GW 

2 . 0000 

D.  0.9  VH  Control 

Correct  ions 

1  .  l.ongi  tud  i  na  1 

L-GW 

M-GW 

H-GW 

Flight  Time 

Gross  Weigl 
Breakdown 

.5000 
1  .  400(1 
.8400 


.  2000 
.  5000 
.  5000 


.2000 
.5000 
.  5000 

.4000 
1 . 0000 
.  6000 


.2000 

.5000 

.5000 


.2000 
.5000 
.  5000 


.4  000 
1 . 0000 
.6000 


.  0100 
.0250 
.0150 


.0500 


TABLE  2.  DESIGN  UTILIZATION  SPECTRUM  -  MODEL  AH-1S  (Continued) 


_ %  of  Flight  Time _ 

Gross  Weight 

Flight  Conditions  Total  Breakdown 


2.  Lateral 

L-GW 

.0100 

M-GW 

.0250 

H-GW 

.0500 

.0150 

3 .  Rudder 

L-GW 

.0100 

M-GW 

.0250 

H-GW 

.0500 

.0150 

E.  Sideslip 

1 .  To  the  Left 

L-GW 

.0500 

M-GW 

.1250 

H-GW 

.2500 

.0750 

2.  To  the  Right 

L-GW 

.0500 

M-GW 

.1250 

H-GW 

.2500 

.  0750 

F.  Part.  Power  Descent 

L-GW 

.5100 

M-GW 

1.2750 

H-GW 

2.5500 

.7650 

Gunnery  Maneuvers 

A.  Firing  in  a  Hover 

L-GW 

.0150 

M-GW 

.  0375 

H-GW 

.0750 

.  0225 

R.  Strafing  in  Accel. 

L-GW 

.  0100 

from  a  Hover 

M-GW 

.  0250 

H-GW 

.0500 

.  0150 

C.  Gunnery  Runs 

1 .  Pt .  Target  Dives 

(A)  To  O.h  YL 

L-GW 

.0112 

M-GW 

.0280 

II- GW 

.0168 

.  05e0 


Zb 


TABLE  2.  DESIGN  UIILIZATION  SPECTRUM  -  MODEL  AH- IS  (Continued) 


0. 

0 

of  Flight  Time 

Flight  Conditions 

Total 

Gross  Weight 
Breakdown 

(B)  To  0.8  VL 

L-GW 

.0336 

M-GW 

.0840 

H-GW 

.1680 

.0504 

(C)  To  0.9  VL 

L-GW 

.  0560 

M-GW 

.1400 

H-GW 

.2800 

.0840 

(D)  To  VL 

L-GW 

.0112 

M-GW 

.0280 

H-GW 

.  0560 

.0166 

2.  Spray  Fire  Hives 

(A)  To  0.6  VL 

L-GW 

.  004  8 

M-GW 

.0120 

H-GW 

.0240 

.0072 

(B)  To  0.8  VL 

L-GW 

.0120 

M-GW 

.0300 

H-GW 

.  0600 

.01  SO 

(C)  To  0.9  VL 

L-GW 

.0240 

M-GW 

.0600 

H-GW 

.1200 

.  0560 

(D)  To  VL 

L-GW 

.0048 

M-GW 

.0120 

H-GW 

.0240 

.0072 

D.  Gunnery  Run  P/U 

1.  To  the  Right 

(A)  0.6  VL 

L-GW 

.0040 

M-GW 

.0100 

H-GW 

.0200 

.  0060 
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i  abi.l;  _ 


OLSIGN  UTILIZATION  SI’T.GTRIIM  -  MOOLI.  AJ 1  - 1 S  (Gontinued) 


T  of  Right  Time 


Gross  Weight 

Condit ions 

iota  1 

Breakdown 

(B) 

0.8  VL 

L-GW 

.  0120 

M-GW 

.  0300 

1 1  -  GW 

.0600 

.0180 

(C) 

0.9  VI. 

L-GW 

.0200 

M-GW 

.  0500 

H-GW 

.1000 

.0300 

(R) 

VL 

L-GW 

.  0040 

M-GW 

.  0100 

H-GW 

.0200 

.  0060 

2 .  To 

the  Left 

(A) 

0.6  VL 

L-GW 

.0040 

M-GW 

.  0100 

H-GW 

.0200 

.0060 

(B) 

0.8  VL 

L-GW 

.0120 

M-GW 

.0300 

H-GW 

.0600 

.0180 

(C) 

0.9  VL 

L-GW 

.0200 

M-GW 

.0500 

H-GW 

.1000 

.0300 

(D) 

VL 

L-GW 

.0040 

M-GW 

.0100 

H-GW 

.0200 

.0060 

3.  Symmetrical 

(A) 

0.6  VL 

L-GW 

.0004 

M-GW 

.0010 

H-GW 

.0020 

.0006 

(B) 

0.8  VL 

L-GW 

.0012 

M-GW 

.  0030 

H-GW 

.0018 

.  0060 
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1 


table 


design  utilization  spectrum  -  model  au-is  (Contmuuii 


* 

«  of  I 

light  T i me 

Gross  Weight 

Flight  Conditions 

Total 

Breakdown 

(C) 

0.9  VL 

I.-GW 

.0020 

M-GW 

.  0050 

11- GW 

.0100 

.0030 

(D) 

VL 

L-GW 

.  0004 

f 

M-GW 

.  0010 

11 -GW 

.0006 

f 

r  . 

E .  Gunnery 

Turns 

.0020 

' 

1 .  To 

the  Riglit 

\ 

(A) 

0.5  VH 

L-GW 

.0750 

M-GW 

.1875 

K 

H-GW 

.3750 

.1125 

(B) 

0.7  VH 

L-GW 

.0750 

M-TW 

.1875 

' 

H-GW 

.3750 

.1125 

(C) 

0.9  VII 

L-GW 

.1500 

M-GW 

.3750 

H-GW 

.7500 

.2250 

2.  To 

the  Left 

(A) 

0.5  VH 

L-GW 

.0750 

i 

M-GW 

.  1875 

j 

H-GW 

.3750 

.1125 

(B) 

0.7  VII 

L-GW 

.0750 

M-GW 

.1875 

t 

< 

I 

H-GW 

.3750 

.1125 

i 

(C) 

0.9  VH 

L-GW 

.  1500 

M-GW 

.3750 

H-GW 

.7500 

.2250 
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TABLE  2.  DESIGN  UTILIZATION  SPECTRUM  -  MODEL  AH-1S  (Continued) 


_ %  of  Flight  Time _ 

Gross  Weight 

Flight  Conditions  Total  Breakdown 

F.  S-Turns 


1 . 

At 

0.8  VII 

L-GW 

.0400 

M-GW 

.1000 

H-GW 

.2000 

.0600 

2. 

At 

VH 

L-GW 

.0150 

M-GW 

.0375 

H-GW 

.0225 

.0750 


VII.  Power  Transitions 
A.  Power  to  Auto 


i  . 

0.5  VH 

L-GW 

.0100 

M-GW 

.0250 

H-GW 

.0500 

.0150 

2 , 

0.7  VH 

L-GW 

.0250 

M-GW 

.0625 

H-GW 

.  1250 

.0375 

3. 

0.9  VH 

L-GW 

.0350 

M-GW 

.0875 

H-GW 

.0525 

.1750 


B.  Auto  to  Power 


1  . 

In  Ground  Effect 

L-GW 

.0300 

M-GW 

.0750 

H-GW 

.0450 

.1500 

2. 

0.4  VH 

L-GW 

.0200 

M-GW 

.0500 

H-GW 

.0300 

.1000 
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TABLE  2.  DESIGN  UTILIZATION  SPECTRUM  -  MODEL  AH- 1 S  (Continued) 


_ %  of  Flight  Time _ 

Gross  Weight 

Flight  Conditions  Total  Breakdown 


3. 

0.6  Vll 

L-GW 

.0150 

M-GW 

.0375 

H-GW 

.0750 

.0225 

4. 

Max  Auto  A/S 

L-GW 

.0050 

M-GW 

.0125 

H-GW 

.0075 

.0250 


VIII.  Autorotation 

A.  Stabilized  Flight 


1 . 

0.4 

Vll 

L-GW 

.0374 

M-GW 

.0635 

H-GW 

.  1870 

.0561 

2 

0.6 

VH 

L-GW 

.2624 

M-GW 

.6560 

H-GW 

1.3120 

.3936 

3. 

Max 

.  Auto  A/S 

L-GW 

.  0562 

M-GW 

.1405 

H-GW 

.  084  3 

.2810 


3.  Auto  Turns 

1.  To  the  Right 


(A)  0.4  VH 

L-GW 

.  0100 

M-GW 

.0250 

H-GW 

.  0150 

.  0500 

(B)  0.6  VII 

L-GW 

.  0800 

M-GW 

.  2000 

H-GW 

.  1200 

.4000 
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tin-  tuo  systems  is  most  directly  reflected  in  the  monitored 
parameters  and  the  definitions  of  the  flight  condition  categories 
in  terms  of  those  monitored  parameters.  Reference  1  outlines  the 
slight  differences  between  the  two  on-board  recording  systems. 

In  addition  to  the  fatigue  analysis  goals  of  the  All- Hi 
system,  other  aspects  concerned  strictly  with  monitoring  aircraft 
usage  and  with  verifying  data  integrity  were  added  to  the  All- IS 
system.  For  comparison  purposes,  the  data  recording  categories 
or  "flight  condition  categories"  for  both  aircraft  are  included 
in  fables  3  and  4. 

The  number  of  flight  condition  categories  recorded  for  the 
AH- IS  has  been  increased  to  559.  The  bulk  of  the  added  flight 
condition  categories  involves  monitoring  rudder  usage  by  record¬ 
ing  a  tri-variant  table  of  rudder  position,  airspeed,  and  engine 
torque.  These  categories  were  meant  to  monitor  rudder  usage  only 
and  will  play  no  part  in  the  fatigue  analysis  portion  of  the  AH- 
1S  system.  Also,  certain  features  were  added  that  serve  to 
increase  confidence  in  the  recorded  data.  These  features  include 
the  recording  of  parameter  histogram  information,  the  recording 
of  more  peak  values,  and  the  recording  of  ground  time  in  addition 
to  flight  time.  This  additional  information  was  intended  to 
verify  that  the  recorder  was  indeed  active  and  monitoring  the 
parameters  during  the  whole  flight.  This  need  grew  out  of  the 
AH-1G  program  where  it  was  noticed  that  very  little  time  was 
being  recorded  in  the  damaging  flight  condition  categories,  and 
often  the  recorded  flight  time  was  much  less  than  the  logbook 
entries.  Like  the  tri-variant  table  entries,  these  additional 
flight  condition  categories  serve  no  purpose  in  the  fatigue 
analysis  portion  of  the  system. 

One  change  was  made  to  the  recording  system  software  that 
does  affect  the  fatigue  analysis  portion  of  the  system.  Some  of 
the  flight  condition  categories  have  been  more  finely  divided  to 
make  the  Ali-lS  system  less  conservative.  For  instance,  the 


TABLE  3.  RECORDER  FLIGHT  CONDITION  CATEGORIES,  AH- 1G 


Seconds 


RX  No.* 

FCC  Description 

Per  Count 

Occurrence 

1,2,3 

Normal  Landings 

OCC 

4,5,6 

Autorotative  Landings 

OCC 

7,8,9 

Symmetrical  Dive  A/S  0.70-0.85  YL 

0.  1 

10,11,12 

Symmetrical  Dive  A/S  0.85-0.95  VL 

0.  1 

13,14,15 

Symmetrical  Dive  A/S  >0.95  YL 

0.  1 

16,17,18 

Asymmetrical  Dive  A/S  0.70-0.85  YL 

0.  1 

19. ?0,21 

Asymmetrical  Dive  A/S  0.85-0.95  YL 

0.  1 

22,23,24 

Asymmetrical  Dive  A/S  >0.95  YL 

0.  1 

25,26,27 

Symmetrical  Pullup  A/S  <0.70  YL 

0.  1 

28,29,30 

Symmetrical  Pullup  A/S  0.70-0.85  YL 

0.1 

31 , >2 , 33 

Symmetrical  Pullup  A/S  >0.85  VL 

0.1 

34,35,56 

Asymmetrical  Pullup  A/S  <0,70  YL 

0.1 

37,38,39 

Asymmetrical  Pullup  A/S  0.70-0.85  VL 

0.  1 

40,41 ,42 

Asymmetrical  Pullup  A/S  0.85-0.95  YL 

0.  1 

43,44,45 

Asymmetrical  Pullup  A/S  >0.95  YL 

0.1 

46,47,48 

Gunnery  Turn  A/S  <0.65  YH 

0.  1 

49,50,51 

Gunnery  Turn  A/S  0.65-0.80  YH 

0.1 

52,53,54 

Gunnery  Turn  A/S  >0.80  YH 

II.  1 

55,56,57 

Gun  S-Turn  A/S  <0.90  VH 

0.1 

58,59,60 

Gun  S-Turn  A/S  >0.90  YH 

0.  1 

6 1 ,62,63 

Autorotative  Turn  Nz  1.3- 1.5  G 

0.  1 

64,65,66 

Autorotative  Turn  N;  1.5  C 

0.  1 

67,68,69 

Auto,  to  Power  Transition  Nz  1.5-1.  G 

OCC 

"0,71  ,"2 

Auto,  to  Power  Transition  Nz  1.5  G 

OCC 

”3 

Kotor  Cycles 

•  H'C 

”4 

High -Ci  Maneuvers 

»vc 

"5  ,  "6  ,  "7 

Flight  Time 

1 

"8, "9, 80 

Quick  Stop 

1!  .  1 

81,82,83 

Level  Might  Low  Speed,  Medium  Torque 

0.  1 

84,85,86 

Level  f  light  Low  Speed,  High  ‘lor quo 

0 .  1 

8 ',8  8, 89 

Level  flight  Medium  Speed,  Medium  l«'ique 

0.  1 

90,91,92 

Level  Flight  Medium  Speed,  High  lorquc 

" .  I 

93,94,95 

Level  Flight  High  Speed 

0.  1 

96, 9', 98 

Autorotative  flight 

0.  1 

99,100,101 

Normal  I urns  A/'S  ‘.SO  YH 

1 

102,105,104 

Normal  Turns  X/S  0.80  YH 

0.  1 

In  3 

Nz  Peak  Value 

106 

YL  Peak  Value 

10" 

Gross  Wei  gilt  Peak  Value 

108 

N  z  Intercept 

109 

Xz  Slope 

110 

Altitude  Intercept 

111 

Altitude  Slope 

1 12 

Airspeed  Intercept 

113 

Airspeed  Slope 

114 

Gross  ’Weight  Intercept 

115 

Gross  Weight  Slope 

1  16 

Torque  Intercept 

l  1  " 

Torque  Mope 

*  Note:  Three 

flight  condition  category  number^  on  the 

>ane  1 i no  ind i 

ale  t  !’.  it 

the  m 

ineuver  1  >  le^oidcd  a^  i  tuiKti.-n  .q  threi 

re  <  <•  weight 

an  go  -  . 
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TABLE  4.  RECORDER  FLIGHT  CONDITION  CATEGORIES,  AH-1S 


SECONDS 

FCC  NO.* 

FCC  DESCRIPTION 

PER  COUNT 

OCCURRENCE 

1,2,3 

Gunnery  Turn  A/S  <G.S  VH 

0.  1 

4,5,6 

Gunnery  Turn  A/S  0.5-0. 7  VH 

0.  1 

7,8,9 

Gunnery  Turn  A/S  0.7-0. 9  VII 

0.1 

10,11,12 

Gunnery  Turn  A/S  >0.9  VH 

0.  1 

13, 14, IS 

Gun  S-Turn 

A/S  <0.5  VH 

0.  1 

16,17,18 

Gun  S-Turn 

A/S  0. SO. ?  VH 

0.1 

19,20,21 

Gun  S-Turn 

A/S  0.7-0. 9  VH 

0.  1 

22,23,24 

Gun  S-Turn 

A/S  >0.9  VH 

0.1 

2  S  ,  26 , 2  7 

Hover  A/S 

<0.3  VH 

5.2 

28,29,50 

Cruise  A / S 

0.  3  -0.  S  VII 

3.2 

31,32,33 

Cruise  A/S 

0. 5-0.6  VH 

3.2 

34.3S.36 

Cruise  A/ S 

0.6- 0.7  VH 

5 .  2 

37,38,39 

Cruise  A/S 

0. 7-0. 8  VH 

3.  2 

40,41  ,42 

Cruise  A/S 

0.  8-0.9  VH 

3.  2 

4  3 , 4  4 , 4  S 

Cruise  A/S 

0 . 9  -  1  .  0  V  H 

3.2 

46,47,48 

Cruise  A / S 

1 . 0  -  l . 1  VH 

3.2 

49,50,51 

Cruise  A / S 

>1 . 1  VH 

5  .  2 

52,53,54 

Cl  imh  A/ S 

>0 . S  VH 

- .  2 

55,56,57 

Descent  A/S  >0 . S  VI i 

■*  1 

58, SO, 60 

Acceleration  to  Climb 

3 .  * 

61  ,62,03 

Mare 

\J  A 

0.  c 

64  ,65,6b 

Nj,  Peaks  1 

.1-1.3  G 

N  'A 

occ 

6’  ,68  ,69 

N  j  Peaks  1 

.3-1.5  G 

S/A 

occ 

70,71,72 

Nz  Peaks  1 

.  5  1  .  ~  G 

N  f  A 

0.  C 

73,74,75 

Nz  Peaks  > 

1.7  G 

S  A 

occ 

76-243 

Tri-Variant  Table 

1  .  0 

(Values 

in  Parentheses  Recorded  in  Seconds) 

RUDDER 

A/S 

TORQUE 

FCC  NO. 

.  -ID  - 

im 

JJH1 

76 

0-  10 

<o.  s 

<10 

77 

0-10 

<0.5 

10  20 

78 

0-  10 

<0.5 

20-  30 

79 

0-10 

<0.5 

30-40 

80 

0-10 

<0,5 

40-50 

81 

0  10 

<0.5 

>50 

82-87 

0-  10 

0. 5-0. 7 

(61 

88-93 

0-10 

0.7-0. 9 

(6) 

94-  99 

0-10 

>0.9 

(6) 

100- 123 

10-  20 

.4) 

161 

124-117 

20-40 

(4) 

16) 

148- 1^1 

40-60 

(41 

(6) 

172- 19S 

60-80 

1«) 

(6) 

196-219 

80-90 

(4) 

(6) 

220- 243 

>90 

(41 

I6J 

*  Note:  Three 

1  flight  condition  category  numbers 

on  the  sane 

1 1  ne 

indicate  that  the  maneuver  is  recorded  as  a  function  of  three 
gross  weight  ranges. 
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TABLli  4.  RLCORDFR  FLIGHT  CONDITION  GATLGORl  US ,  A1I-1S  (Continued) 


I 

v. 


i 


i 


i  i.i' 


\ii . 


l  et:  III  SCR  I  PTKl.N 


M  G<  >\I)S 

I'l  l<  iTUJM  Oi  l  :i|;ki  Ni  I 


2  4  4 

Rotor  Cycles 

245 

Normal  Landings 

2  4c 

Autorotative  Landings 

24' 

RPM  Peak  Value 

248 

Torque  Peak  Value 

249 

VL  Peak  Value 

250 

VH  Peak  Value 

251 

Density  Altitude  Peak 

2  52 

Vertical  Acceleration  Peak 

2  53 

OAT  Maximum  Value 

2  54 

OAT  Minimum  Value 

2  5  5 

256 

2  Ml  [ 

Gross  Weight  Peak  Value 

Roll  Peak 

2(.l  \ 

2  (i  5  \ 

Unused  Memory  Locations 

2 1>4  \ 

2  (.  5  1 

2 OF  / 

2  o' 

,2i<8 ,209 

Gross  Weight  Histogram 

0.  1 

2  7(1 

Ground  lime 

0.  1 

:- 1 

,2-2,273 

Normal  (urns  A/S  -0.5  VII 

0.  1 

2' 4 

,2'5,276 

Normal  Turns  A/S  0.5-0. 7  VH 

0.  1 

>  n  -» 

,278,279 

Normal  turns  A/S  0.7-0.9  VII 

0.  1 

2  80 

,281 ,282 

Normal  Turns  A/S  ■0.9  VII 

n.  i 

2  8  4 

,  2  8  4  ,  2  8  5 

Autorotative  Turns  N--1.5  G 

0  .  1 

2  S  0 

,  2  8  -  ,  2  8  8 

Autorotative  Turns  N.1.5  G 

0  .  1 

2  89 

, 24H ,291 

Autorotative  Time 

0.  1 

jn.: 

, 295,294 

Symmetrical  Rive 

0.  1 

:  t 

, 2  90 ,29  7 

Asymmetrical  Dive 

0.  1 

2  4  s 

,299 , 500 

Symmet r i c  a  1  Puli  up 

0.  1 

AH  1 

, 502 , 303 

Asymmet r i c a  1  1 u 1 1  up 

0.  1 

50  4 

Density  Alt  Histogram  ■  lk 

0.  1 

5  0  5 

Density  Alt  Histogram  l-2k 

0.  1 

306 

Density  Alt  Histogram  2-3K 

0.  1 

30- 

Density  Alt  Histogram  3- 4k 

0.  1 

508 

Density  Alt  Histogram  4 -5k 

0.  1 

309 

Density  Alt  Histogram  5-t.k 

0.  1 

5  10 

Density  Alt  Histogram  (.  7 k 

0.  1 

5  1  1 

Density  Alt  Histogram  '-8k 

0.  1 

512 

Density  Alt  Histogram  8-9K 

0  .  1 

3  1  3 

Density  Alt  Histogram  9-1  OK 

0.  1 

314 

Density  Alt  Histogram  0.1  OK 

0.  1 

3  I  5 

KI’M  II  i  s  togram  •  311 

0  .  1 

5 1  0 

RPM  Histogram  314-319 

0.  1 

317 

RPM  Histogram  319-324 

0.  1 

318 

RPM  Histogram  324-329 

0.  1 

3  1  9 

RPM  Histogram  329-354 

0.  1 

320 

RPM  Histogram  334-339 

0.  1 

3  2  1 

RPM  Histogram  >339 

0.  1 

OCC 

occ 

OCC 
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TABLE  4.  RECORDER  FLIGHT  CONDITION  CATEGORIES,  AH- IS  (Concluded) 


C  NO. 

ICC  DESCRIPTION 

SECONDS 

PI  K  COUNT 

32 2 

Torque  Histogram  <10  1’SI 

i).  1 

32  3 

Torque  Histogram  10-20  PS1 

0.  1 

324 

Torque  Histogram  20-30  l’SI 

0.  1 

325 

Torque  Histogram  30-40  PSI 

0.  1 

326 

Torque  Histogram  40-50  PSI 

0.  1 

32? 

Torque  Histogram  >50  PSI 

0.  1 

328 

N  ,  Intercept 

32  9 

N,  Slope 

3  30 

Altitude  Intercept 

331 

Alt  it  ude  Slope 

332 

A/s  Intercept 

333 

A/S  Slope 

3  34 

Gross  Weight  Intercept 

33  5 

Gross  Weight  Slope 

3  36 

Torque  Intercept 

337 

Torque  Slope 

338 

Rudder  Intercept 

339 

Rudder  Slope 

OCCUKKI NCI 


forward  level  flight  categories  have  been  increased  from  three 
divisions  to  nine  divisions  by  airspeed.  The  net  result  is  that 
the  damage  coefficient  for  each  of  the  groups  is  the  highest 
damage  rate  associated  with  a  smaller  number  of  flight  conditions 
contained  within  each  flight  condition  category.  Therefore,  the 
high  damage  rates  associated  with  a  few  of  the  flight  conditions 
affect  smaller  amounts  of  total  time  in  the  flight  condition 
category . 


In  the  current  effort,  under  Contract  DAAK51 -81 -C-0035 , 
Technology  Incorporated  lias  developed  an  All- IS  FDAS  software 
package  using  the  manufacturer's  fatigue  substantiation  report 
and  the  previously  defined  A11-1S  flight  condition  category  def¬ 
initions.  The  system  concentrates  on  10  life-limited  components 
in  the  main  and  tail  rotor  systems  of  the  "Mod  S"  configuration 
.All-  IS  that  are  equivalent  to  the  10  components  investigated  in 
the  AH- HI  system.  Correspondingly,  the  manufacturer's  fatigue 
substantiation  report  for  the  Mod  S  configuration  Cobra  (Ref.  4) 
forms  the  basis  for  the  derivation  and  the  technical  acceptance 
of  the  All- IS  FDAS  system.  Table  5  lists  the  10  AH- IS  components 
along  with  part  number,  manufacturer-computed  fatigue  life,  and 
recommended  retirement  life. 

TECHNICAL  ACCEPTANCE  CRITERIA 

The  final  FCM  system  must  be  capable  of  predicting,  for  each 
component,  fatigue  lives  that  fall  between  a  conservative  lower 
bound  and  a  realistic  upper  bound  for  each  usage  spectrum  to 
which  the  aircraft  is  subjected.  The  application  of  the  tech¬ 
nical  acceptance  criteria  requires  the  following:  [1)  the  defi¬ 

nition  of  the  lower  hounds  for  the  component  fatigue  lives,  (2) 
the  derivation  of  realistic  upper  hounds  for  the  component 


Cassady,  B.,  and  Arlt,  "Fatigue  Life  Substantiation  of 

the  Dynamic  Components  for  the  AI1-1R/S  Helicopter,"  Bell 
Helicopter  Textron  Report  209  -  ODD  -  4h0  ,  November  1  9  75. 
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TABLE  5.  SELECTED  FATIGUE-CRITICAL  COMPONENTS 
OF  THE  AH- IS  HELICOPTER 


Nomenclature 

Part  Number 

AH- IS 

Calculated 
Fatigue  Life 
(hr) 

Recommended 
Ret  i  rc'inent 
Life  (hr) 

Main  Rotor  Blade 
Assembly 

540-011-250-5 

1,470 

1 , 100 

Main  Rotor  Yoke 
Extension 

540-011-153-15 

7,752 

3,300 

i'4ain  Rotor  Retention 
Strap  Fittings 

540-011-113-1 

2,760 

2,200 

Main  Rotor  Grip 

540-011-154-5 

38,683 

Unlimi ted 

Main  Rotor  Pitch 
Ho  rn 

209-011-109-5 

14,801 

6, 600 

Swashplate  Drive 

Link 

209-010-408-7 

57,513 

11  ,000 

Swashplate  Outer 
Pin  Assembly 

Ring/ 

209-010-403-1 

4,465 

3,300 

Swashplate  Inner 

Ring 

209-010-402-1 

9,979 

3 , 500 

Hydraulic  Boost 

209-076-21-1 

4,884 

3,300 

Cy  1  inder 


Tail  Rotor  Blade 


212-010-750-11 


Uni imited 


2,400 


fatigue  lives,  and  i  :>  '  t  iu.  estafod  i  s  hi,..  lit  of  one  or  n  a 

sonablf  usaec  spec  t  ra  t  o  which  tin-  a  i  rcra  ft  ma>  i-  -t -a  n 

As  mentioned  above  ,  fable  i  no  1  ink-  >  the  ma  mi  l’nc  t  n  re  :  ' 
computed  fatigue  lives  and  the  recommend',  d  retirement  1  .  v  s  :  > 

the  10  selected  coinjimu  iits.  Hie  manu  far  t  ure r  1  s  cemput  at  i  oils  wen. 
based  on  the  design  utilization  spectrum  summa  r : zed  in  .able  d. 
Since  such  ;i  spectrum  is  convent  i  ona  1  1  \  mo  iv  soo  re  t  ban  the 
actual  utilization  anticipated  during  the  hel  i  copter  life,  the 
computed  fatigue  lives  are  conservative.  Also,  as  is  apparent 
in  Table  5,  the  recommended  retirement  lives  are  generally  much 
shorter  than  the  fatigue  lives. 

To  conform  with  the  phi  Joseph)'  in  previous  studies,  the 
recommended  retirement  lives  were  defined  as  the  lower  hounds. 

For  the  purpose  of  this  study,  the  design  utilization  spectrum 
was  used  as  an  input  to  FDAS,  and  the  manufacturer's  computed 
fatigue  lives  for  that  spectrum  were  defined  as  the  upper  bounds. 
Thus,  for  tire  AH-1S  FDAS  program  to  be  technically  acceptable,  it 
must  predict  fatigue  lives  between  the  retirement  lives  and  the 
manufacturer's  calculated  fatigue  lives. 

All- IS  FCM  SYSTEM  DESCRIPTION 

Using  the  same  procedures  outlined  in  Reference  3,  the 
parameters  listed  in  Table  b  were  previously  determined  to  be  the 
set  of  coordinated  parameters  which  best  describe  the  fatigue 
design  spectrum  in  terms  of  a  unique  set  of  flight  condition 
categories.  These  parameters  differ  from  those  for  the  All- 1U  FcM 
system  only  in  that  Rudder  Position  was  substituted  for  Pitch 
Attitude,  and  Cross  Weight  for  the  Ail-lS  is  measured  in  the  air 
using  the  1 i ft  - 1 i nk -mounted  sensor  and  not  on  the  ground  using  a 
landing  skid  deflection  technique  with  a  software  decrement  of 
gross  weight  to  compensate  for  fuel  hurnoff.  Rudder  Position  was 
substituted  for  Pitch  Attitude  to  enable  the  collection  of  the 
previously  mentioned  tri  variant  table  usage  data.  Ihc  elimina¬ 
tion  of  Pitch  Attitude  as  one  of  the  monitored  parameters 
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TAB  1.1 .  (>. 


MO.N  ITOR1.D  IWRAMI"!  I i US  P'OR  All  -  1 S  RECORD  1  NG  SYSTi  M 


Sy s t  cm  P a  vame tors 

Direct ly 
Monitored 

Computed 

Indicated  Airspeed 

(A/S) 

X 

Pressure  Altitude 

(HP) 

X 

Outside  Air  Temperature 

(T) 

X 

Main  Rotor  Velocity 

(MRV ) 

X 

Roll  Attitude 

(6) 

X 

Rudder  Position 

(R) 

X 

Vertical  Acceleration  at  C.G. 

('U) 

X 

Gross  Weight 

(GWJ 

X 

Engine  Torque  Pressure 

(LTj 

X 

Rate  of  Descent 

(RD) 

RD  =  f (Up, 

Max.  Level  Plight  Airspeed 

(VH) 

VH  -  f (Up , 

Limit  Airspeed 

(VL) 

vl  =  f (Up, 

Density  Altitude 

f»d) 

Hd  =  f (Up > 

necessitated  deleting  the  Quick  Stop  flight  condition  category 
from  the  directly  recorded  categories  and  relegating  it  to  one  of 
the  estimated  flight  condition  categories.  Tables  7  and  8  indi¬ 
cate  the  groupings  of  design  spectrum  flight  conditions  into 
recorder  flight  condition  categories  for  the  G-model  and  S-inodel 
helicopters  respectively.  As  in  the  G-model  FCM  system,  certain 
of  the  S-model  flight  condition  categories  do  not  specifically 
represent  any  of  the  flight  conditions  defined  in  the  manufac¬ 
turer's  design  utilization  spectrum.  These  flight  condition 
categories  enhance  understanding  of  the  All  -  IS  operational  usage 
spectrum  as  stated  previously  and  therefore  have  an  associated 
zero  damage  coefficient. 

As  can  be  seen  from  Table  8,  there  are  15  flight  condition 
categories  which  are  not  directly  recorded.  These  flight  con¬ 
dition  categories  (FCC  nos.  318-332)  are  reserved  for  estimations 
of  time  spent  in  making  control  corrections,  quick  stop  and  side¬ 
slip,  and  the  new  S-model  tow  maneuvers.  Provision  for  esti¬ 
mating  these  times  was  prompted  because  these  flight  conditions 
could  not  be  confidently  detected  with  the  chosen  FCM  system 
aircraft  parameters  and  their  damage  rates  were  of  sufficient 
magnitude  to  warrant  due  recognition.  The  estimation  of  hover¬ 
ing  and  high-speed  control  correction  times  is  identical  to  the 
Ail-IG  technique  outlined  in  Reference  3.  This  is  reasonable 
since  a  comparison  of  Tables  1  and  2  indicates  that  the  same 
percent  time  for  the  control  correction  flight  conditions  was 
assigned  on  both  aircraft. 

The  quick  stop  and  sideslip  flight  condition  category  is  new 
for  the  Ali-lS  because  without  pitch  attitude  as  a  monitored 
parameter,  quick  stop  cannot  be  reliably  detected  and  directly 
recorded.  In  the  Ait  -  1 1!  FCM  system,  sideslip  was  a  nondamaging 
flight  condition  that  was  grouped  with  other  flight  conditions 
under  the  "flight  clock  time”  flight  condition  categories.  On 
tiie  All- IS,  sideslip  to  the  left  is  damaging  to  the  main  rotor 
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TABLE  7.  AH-1G  FCM  SYSTEM  SUMMARY 


Fit.  Cond.  Cat,  No, 
L-GW  M-GW  H-Ch' 
l  2  3 


4 

5  6  7 

8  9  10 

U  12  13 


2b  27  28 


Flight  Condition 
Category  Description 

Flight  Clock  Time 


Rotor  Start/Stop 
Quick  Stop 
Normal  handing 
Low-Speed  Might 


14  IS  l  b  Spare 

17  18  19  High-Speed  Flight 


20  21  22  Maximum-Speed  Flight 

^4  2s  High  Torque  Flight 


Normal  'Lou  Speed:  lurn*. 


M)rl  1  '  I  cu» • gor>  t  tner 

1  T  Category  omiri  vn'  i  t  !■••••  t 
M  Maximum  parameier  magnn  „!«• 

•N  Null  recording  k.itegor\  ,  inr  r  .1  vru 
estimated  from  of»u  t  ..r.-g..r.  t  inn 

N<)n  *  indi.  ates  Ihimagihg  1  1  jghT  onditim. 


Type1 

Desig. 


No . 

2 

3 

4 

5 

6 
10 
11 
12 

13 

14 
41 

43 

44 

45 
49 


2b 

4  2 


Flight  Conditions  Included 

Description 

Normal  Takeoff  (ICE) 

Jump  Takeoff  f IGE) 

Steaay  Hover  (IGE) 

Hovering  Right  Turn  (IGE) 
Hovering  Left  Turn  (IGE) 

Sideward  Flight  to  the  klght  .  ;..j 
Sideward  Flight  to  the  Left  ; I  >A 
Rearward  Flight  (IGfj 
Acceleration  Hover  to  Climb  A/ 
Normal  Deceleration  (IGEj 
SiJesl ip 

Firing  in  a  Hover 
Strafing  m  Acceleration  from 
Gunnery  Run-Pt .  Target  Dive,  u 
Gunnery  Run-Spray  Ft  re  p ive,  u 

Normal  Start /Shutdown 


S  Mol  ■ 


ho  v  i 
-■  U 


15* 

Quick  Stop  Pe 

celerat ion 

1  Gi.  i 

l<-  • 

Approach  and 

Landing  ;  ,f. 

1  - 

Forward  Level 

Flight,  .is 

VH . 

18 

Forward  Level 

Flight  ,  0.5 

VH , 

s.4 

Rl’v 

l  y 

'•  rward  Level 

F!  ight  .  o  n 

w., 

5.4 

RPV 

20 

I  .‘rward  Le\el 

1  '•  ight .  o.  h 

Mi. 

3J4 

RF'“* 

2‘1 

Notom  lull  !\ 

“ei  Climb 

Normal  Right  : 

vh 

33 

Normal  left  II 

•  rn.  :i.3  VH 

29 

30 

31 

Normal  'High  Speed  =  luri  - 

r 

54* 

No  rma 

5“ 

N  ^ rma 1 

.52 

33 

34 

Medium  -  Speed  Symmetrical  1  ■  x  c  ■ 

1 

4t>* 

Gunner. 

50* 

Gunner* 

35 

36 

37 

High-Speed  Symmet  r  t  *  a  1  Pi ves 

1 

j 

i.;r,ner> 

>1  * 

Gunnery 

38 

39 

40 

Max. -Speed  Symmet  ru  a  j  Lives 

7 

l-S* 

nunnery 

52* 

Gunner v 

41 

42 

43 

Medium -Speed  A symmet  r  ua  ;  Dives 

1 

44 

45 

4b 

High-Speed  Asymmetrical  Dues 

r 

47 

48 

4  9 

Max. -Speed  Asymmetrical  Dives 

T 

forward  Level  Flight 
Forward  Level  F :  i ^ -n 
Forward  Level  Flight 
Forward  Level  Flight 
Forward  level  Flag'  - 
I  'iward  Level  FI 
I'art  Lower  :V  sr en  t 

Forward  level  Might 
Forward  :.-vel  t  .  :  vht 


High-speed  Full  Power  .  .  in'-t 

*»<«  ovcci.  lull  lower  M  tmh 
to  irui'-c  A/S 

Norma  1  kighr  .mi,  .1.  Vii 
Normal  Left  Turn.  u. '  \> 


0 .  ~ 

V.:. 

5)4 

RPM 

.  " 

\h. 

5-4 

KPM 

n.  S 

V‘i 

314 

RPV 

•V  8 

*h. 

32  i 

RPV 

0.9 

•  H , 

5 1  4 

RPV. 

o  > 

•H. 

324 

RPM 

Vh. 

w'i  j 

RPM 

\  ii 

324 

RI'M 

■13 


TABLE  7.  AH- 1G  FCM  SYSTEM  SUMMARY  (Concluded) 

Fit.  Cond.  Cat.  No.  Flight  Conditions  Included 


Flight  Condition 

Type1 

L-CW 

M- GW 

H-GW 

Category  Description 

Desij . 

No.  " 

Description 

SO 

SI 

52 

Low- Speed  Asymmetrical  Pullups 

T 

53* 

Gunnery  Run-P/U  to  the  Right,  0.6  VL 

57* 

Gunnery  Run-P/U  to  the  Left,  0.6  VL 

S3 

54 

SS 

Medium -Speed  Asynnetncal  Pullups 

T 

54* 

Gunnery  Run-P/U  to  the  Right,  0.8  VL 

58* 

Gunnery  Run-P/U  to  the  Left,  0.8  VL 

S6 

57 

S8 

High-Speed  Asymmetrical  Pullups 

T 

55* 

Gunnery  Run-P/U  to  the  Right,  0.9  VL 

59* 

Gunnery  Run-P/U  to  the  Left,  0.9  VL 

S9 

60 

61 

Max. -Speed  Asymmetrical  Pullups 

T 

56* 

Gunnery  Run-P/U  to  the  Right,  VL 

60* 

Gunnery  Run-P/U  to  the  Left,  VL 

62 

63 

64 

Low -Speed  Symmetrical  Pullups 

T 

61* 

Gunnery  Run-P/U  (Symmetrical),  0.6  VL 

6S 

66 

67 

Medium-Speed  Symmetrical  Pullups 

T 

62* 

Gunnery  Run-P/U  (Symmetrical j ,  0.8  VL 

68 

69 

70 

High-Speed  Symmetrical  Pullups 

T 

63* 

Gunnery  Run-P/U  (Symmetrical),  0.9  VL 

64* 

Gunnery  Run-P/U  (Symmetrical),  VL 

71 

72 

73 

Low-Speed  Gunnery  Turns 

T 

65* 

Gunnery  Turn  to  the  Right,  0.5  VH 

68* 

Gunnery  Turn  to  the  Left,  0.5  VH 

74 

75 

76 

Medium-Speed  Gunnery  Turns 

T 

66* 

Gunnery  Turn  to  the  Right,  0.7  VH 

69* 

Gunnery  Turn  to  the  Left,  0.7  VH 

77 

78 

79 

High-Speed  Gunnery  Turns 

T 

67* 

Gunnery  Turn  to  the  Right,  0.9  VH 

70* 

Gunnery  Turn  to  the  Left,  0.9  VH 

80 

81 

82 

Gunnery  S-Turn 

T 

71* 

Gunnery  S-Tum,  0.8  VH 

83 

84 

85 

Maximum -Speed  5-Turn 

T 

72* 

Gunnery  S-Turn ,  VH 

86 

87 

88 

Autorotation  Clock  Time 

T 

73 

Power  to  Auto.  Transition,  0.5  VH 

74 

Power  to  Auto.  Transition,  0.7  VH 

75 

Power  to  Auto.  Transition,  0.9  VH 

.76 

Auto,  to  Power  Transition  (IGE) 

77 

Auto,  to  Power  Transition,  0.4  VH 

80 

Stabilized  Auto.  Flight,  0.4  VH 

81 

Stabilized  Auto.  Flight,  0.6  VH 

82 

Stabilized  Auto.  Flight,  Max.  Auto.  A/S 

83 

Auto.  Turn  to  the  Right,  0.4  VH 

84 

Auto.  Turn  to  the  Right,  0.6  VH 

86 

Auto.  Turn  to  the  left,  0.4  VH 

87 

Auto.  Turn  to  the  Left,  0.6  VH 

89 

90 

91 

Low  Nr  Auto,  to  Power  Transition 

C 

78* 

Auto,  to  Power  Transition,  0.6  VH 

79* 

Auto,  to  Power  Trans.,  Max.  Auto.  A/S 

92 

93 

94 

High  Nz  Auto,  to  Power  Transition 

C 

- 

95 

96 

97 

Low  Nz  Auto.  Turns 

T 

85* 

Auto.  Turn  to  the  Right,  Max.  Auto.  A/S 

88* 

Auto.  Turn  to  the  Left,  Max.  Auto.  A/S 

98 

99 

100 

High  Nz  Auto.  Turns 

T 

- 

101 

102 

103 

Autorotation  Landing 

C 

89* 

Autorotation  Landing 

104 

High  Nz  Counter 

M 

- 

105 

Maximum  Nz  Experienced 

M 

- 

106 

Maximum  Airspeed  Experienced 

M 

- 

107 

Max.  Gross  Weight  Experienced 

M 

- 

108 

109 

110 

Hovering  Control  Corrections 

N 

7* 

Hovering  Longitudinal  Control  Corr.  (IGE) 

8* 

Hovering  Lateral  Control  Corr.  (IGE) 

9 

Hovering  Rudder  Control  Corr.  (IGE) 

111 

112 

113 

High  Speed  Control  Corr. 

N 

38* 

Longitudinal  Control  Corr.,  0.9  VH 

39* 

Lateral  Control  Corr.,  0.9  VH 

_ 

40* 

Rudder  Control  Corr.,  0.9  VH 

NOTH  1:  T  -  Category  timer 

C  =  Category  occurrence  timer 
M  =  Maximum  parameter  magnitude  attained 

N  =  Null  recording  category  (control  correction  times  are  conservatively 
estimated  from  other  category  timers) 


NOTE  2. 


indicates  Damaging  Flight  Conditions 


TABLE  8.  AH- IS 

FCM  SYSTEM  SUMMARY 

I  r .  Cond . 

Cat.  _No. 

)  ]  , £hl  t  .-lid  1  t  l 

F 1 ight  Cond  it. 

.'  ,  pe  1 

l.-GW 

M-O 

li-Gh 

Cat  ejjur  v  l*vs\.  r  t  .  r. 

ih  -' l  r  . 

l 

2 

Dight  lime 

1 

LiFe.-t  l  .  Norm;.!  •  I<. 

lake. iff'.  Jump  (i V,\  , 

i  3 

s i  Jew  a rd  I  J  j gh i  to 

he  H  i  ght  •  Il.l 

J  l 

Sideward  1- 1  ight  to 

hi.  left  'l  l 

1  3 

Rearward  Flight  1  1C 

i 

!  " 

Iks  c  ler.it  ic.n  ,  No i  ma 

ILL  ■ 

5  5 

Sideslip  to  t  he  k l gh  t 

5«> 

Strafing  in  Acceler.it  j  on  from  i  Hu-.er 

4 

Cr-.-und  lime 

1 

3 

Rotor  Cycles 

C 

i  * 

Normal  St  a  i  t /Shut  down  i  {Cl.  i 

f 

Normal  Landing 

c 

I'.i 

Approach  and  Landing  (  I  ‘J  J 

- 

Auto rot  at i ve  Landing 

c 

101* 

Auto  Landing 

8 

0 

IP 

Hover,  A  S  0.3  VH 

1 

4 

Hover,  Steady,  294 

RPM 

5 

Hover,  Steady,  .304 

RPM 

6 

Hover,  Steady.  .314 

RPM 

- 

Hover,  Steady,  324 

RPM 

8 

Hover,  Right  Turn 

9 

Hover.  Left  Turn 

35 

Firing  in  a  Hover 

1 1 

U 

13 

Cruise,  A/S  0. 3-0.3  VH 

1 

Jh 

Fwd  Level  Flight.  0 

.3  VH.  314  RPM 

29 

FwJ  Level  Flight,  0 

.5  VH.  324  RPM 

14 

K. 

l»> 

Cruise,  A/S  0.5 -i.i.o  VM 

l 

in 

Fwd  level  flight,  0 

.  l)  v  H ,  314  RPM 

.3  i 

Fwd  Level  Flight,  0 

.6  VH,  524  RPM 

r 

IK 

10 

Cruise,  A/S  0.6-0. 7  VH 

r 

Sj 

Fwd  Level  Flight,  0 

.-  VH,  3M  RPM 

.3.3 

Fwd  level  Flight,  0 

VH,  324  RPM 

JO 

J1 

Cruise,  A/S  (>."-0.S  VH 

i 

34 

Fwd  level  Flight,  0 

.8  VH,  314  RPM 

33 

1  wd  l.eve  1  F  l  i  ght  ,  0 

.8  VH.  524  RPM 

2\ 

J1 

J5 

Cruise,  A/S  (1.8-0.*)  VH 

i 

5»,  • 

Fwd  Level  Flight,  0 

.9  VH.  514  RPM 

3~  * 

Fwd  Level  Flight,  0 

.9  VH,  524  RPM 

Jo 

- 

(‘rinse.  A/s  1 .0  VH 

T 

>S  * 

Fwd  Level  Flight.  1 

.0  VH,  314  RPM 

V>* 

Fwd  Level  Flight,  l 

.0  VH,  324  RPM 

JO 

30 

.31 

Cruise.  A/S  l  .0-  l  .  l  \|| 

1 

3: 

- 

31 

Cruise.  A/S  |.I  VH 

1 

35 

3  * 

Climb.  A/S  0.5  VH 

T 

40* 

Fu 1 1  Power  Climb  to 

"0  Knots 

41* 

Ful i  Power  Climb  to 

120  Knots 

>8 

3  9 

10 

IVsecnt.  A/S  0.5  VH 

T 

54* 

Part  Power  Descent 

It 

1  J 

l  3 

Ac*.  eler  it  ion  to  Cl  imh 

T 

16 

Acceleration,  Hover 

to  Climb  A/S  (IGE) 

42* 

Maximum  Rate  Acceleration  Climb  to  0.9  VH 

l  1 

45 

l(. 

»■  1  a  re 

T 

-- 

4" 

IS 

4*1 

Normal  Turn,  A/S  *0.5  VH 

T 

43 

Normal  Turn  to  the 

Right ,  O.S  VH 

46* 

Normal  Turn  to  the 

Left ,  O.S  VH 

SO 

:>i 

52 

Normal  Turn,  A/S  0.3-0.-  VH 

T 

44* 

Normal  Turn  to  the 

Right,  0.^  VH 

4-* 

Normal  Turn  to  the 

Left.  0.7  VH 

53 

54 

33 

Normal  ’liirn,  A/S  0.  “-!).*>  VH 

T 

45* 

Normal  Turn  to  the 

Right,  0-9  VH 

48* 

Normal  Turn  to  the 

Left,  0.9  VH 

5h 

38 

Normal  him.  A/S  O.o  VH 

T 

*- 

Note  1:  r  =  Category  Timer 

C.  -  Category  Occurrence  Timer 
M  -  Maximum  Parameter  Magnitude  Attained 
\  =  Null  Recording  Category  (times  arc  conservatively 
estimated  from  other  category  timers) 

)l  Histogram 

Note  J:  •  Indicates  Damaging  Flight  Condition 
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TABLE  8.  AH- IS  FCM  SYSTEM  SUMMARY  (Continued) 


Fit.  Cond. 

Cat .  No. 

Flight  Conditions  Included 

Flight  Condition 

Type1 

L-GW  M-G* 

1  H-GW 

Category  Description 

Desig. 

No.2 

Description 

S9 

60 

61 

Gunnery  Turn,  A/S  <0.5  VH 

T 

77* 

Gunnery  Turn  to  the  Right,  0.5  VH 

so* 

Gunnery  Turn  to  the  Left,  0.S  VH 

62 

63 

64 

Gunnery  Turn,  A/S  0.5-0. 7  VH 

T 

78* 

Gunnery  Turn  to  the  Right,  0.7  VH 

81* 

Gunnery  Turn  to  the  Left,  0.7  VH 

6S 

66 

67 

Gunnery  Turn,  A/S  0. 7-0.9  VH 

T 

79* 

Gunnery  Turn  to  the  Right  0.9  VH 

82* 

Gunnery  Turn  to  the  Left,  0.9  VH 

68 

69 

70 

Gunnery  Turn,  A/S  >0.9  VH 

T 

- 

71 

72 

73 

Gunnery  S-Tura,  A/S  <0.S  VH 

T 

-- 

74 

75 

76 

Gunnery  S-Tum,  A/S  0.5- 0.7  VH 

T 

-- 

77 

78 

79 

Gunnery  S-Tum,  A/S  0. 7-0.9  VH 

T 

83* 

Gunnery  S-Tum  at  0.8  VH 

80 

81 

82 

Gunnery  S-Tun,  A/S  >0.9  VH 

T 

84* 

Gunnery  S-Tum  at  VH 

83 

84 

85 

Symmetrical  Dive 

T 

57* 

Gunnery  Run.  Pt .  Target  Dive,  0.6  VL 

58* 

Gunnery  Run,  Pt.  Target  Dive,  0.8  VL 

S9* 

Gunnery  Run,  Pt .  Target  Dive,  0.9  VL 

60* 

Gunnery  Run,  Pt.  Target  Dive,  1.0  VL 

61* 

Gunnery  Run,  Spray  Fire  Dive,  0.6  VL 

62* 

Gunnery  Run,  Spray  Fire  Dive,  0.8  VL 

63* 

Gunnery  Run,  Spray  Fire  Dive,  0.9  VL 

64* 

Gunnery  Run,  Spray  Fire  Dive,  1.0  VL 

86 

87 

88 

Asynnoet  ri  ca  1  Hive 

T 

-- 

89 

90 

91 

Symmetrical  Fu 11 up 

T 

"3* 

Gunnery  Run  Pull  up.  Syamet ri cal ,  0.6  VL 

74* 

Gunnery  Run  Pullup,  Symmetrical,  0.8  VL 

75* 

Gunnery  Run  Pullup,  Symmetrical,  0.9  VL 

76* 

Gunnery  Run  Pullup,  Symmetrical .  1.0  VL 

9.' 

93 

Asymmetrical  Pul  tup 

T 

bS* 

Gunnery  Run  Pullup  to  the  Right,  0.6  VL 

66* 

Gunnery  Run  Pullup  tc  the  Right,  0.8  VL 

67* 

Gunnery  Run  Pullup  to  the  Right,  0.9  VL 

b8* 

Gunnery  Run  Pullup  to  the  Right,  1.0  VL 

69* 

Gunnery  Run  Pullup  to  the  Left,  0.6  VL 

”0* 

Gunnery  Run  Pullup  to  the  Left,  0.8  VL 

71* 

Gunnery  Run  Pullup  to  the  Left,  0.9  VL 

72* 

Gunnery  Run  Pullup  to  the  left,  20  VL 

9S 

96 

97 

Autorotative  Time 

T 

85 

Power  to  Auto,  0.5  VH 

86 

Power  to  Auto,  0. n  VH 

87* 

Power  to  Auto,  0.9  VH 

88 

Auto  to  Power,  IGE 

89 

Auto  to  Power,  0.4  VH 

90* 

Auto  to  Power,  0.6  VH 

91* 

Auto  to  Power,  Max.  Auto  A/S 

92 

Auto  Stabilized  Flight,  0.4  VH 

93 

Auto  Stabilized  Flight,  0.6  VH 

94 

Auto  Stabilized  Flight,  Max.  Auto  A/S 

98 

99 

10C 

Autorotative  Turn,  Nz  < 1 . SG 

T 

95 

Auto  Turn  to  the  Right,  0.4  VH 

96 

Auto  Turn  to  the  Right,  0.6  VH 

9" 

Auto  Turn  to  the  Right,  Max.  Auto  A/S 

98 

Auto  Turn  to  the  Left,  0.4  VH 

99 

Auto  Turn  to  the  Left,  0.6  VH 

100 

Auto  Turn  to  the  Left,  Max.  Auto  A/S 

101 

io; 

103 

Autorotative  Turn,  Nz  >1.5G 

T 

-- 

104 

RPM  Peak  Value 

M 

-- 

105 

Torque  Peak  Value 

M 

-- 

106 

Vt.  Peak  Value 

M 

Note  (:  T  -  r.ttcffory  i  imr>r 

(  -  .  at  cgnry  i\- ^urrcm  o  Timor 
M  -  Maximum  i’a remoter  Magnitude  Attained 
N  -  Null  Recording  Category  -time-  .ire  oon^oi  v.»t  i  \  o  J  v 
t*r»t  t mated  from  other  itti’jjnrv  I  imer'.l 
h  Hi  stngr.itn 

Note  2  •  iodu.itr*  High?  UHiJit  inn 
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TABLE  8.  AH- IS  FCM  SYSTEM  SUMMARY  (Continued) 


Fit.  Cond.  Cat.  No. 


L-GW  M-GW 

H-GW 

Flight  Condition 

Category  Description 

Type1 

Desig. 

No.2 

107 

VH  Peak  Value 

M 

— 

108 

Density  Altitude  Peak 

M 

- 

109 

Vertical  Acceleration  Peak 

M 

- 

110 

OAT  Maximum  Value 

M 

- 

in 

OAT  Mimaiur>  Value 

M 

- 

112 

Gross  Weight  Peak  Value 

M 

- 

113 

Roll  Peak 

M 

- 

114 

ns 

116 

Nz  Peaks,  1.1 >1.3  G’s 

C 

-- 

117 

118 

119 

Nz  Peaks,  1 .3>1.S  G’s 

C 

-- 

120 

121 

122 

N i  Peaks,  l.S-1.7  G's 

C 

-- 

123 

124 

1 2  S 

Nz  Peaks,  >1.7  G’s 

C 

- 

126 

Density  Alt.  Histogram,  <1  X 

•  H 

- 

127 

Density  Alt.  Histogram,  1>2  K 

H 

- 

128 

Density  Alt.  Histogram,  2>3  K 

H 

- 

129 

Density  Alt.  Histogram,  3-4  k 

H 

-- 

130 

Density  Alt.  Histogram,  4-5  K 

H 

- 

131 

Density  Alt.  Histogram,  5-6  K 

H 

-- 

132 

Density  Alt.  Histogram,  6-7  K 

H 

- 

133 

Density  Alt.  Histogram,  8  K 

H 

- 

134 

Density  Alt.  Histogram,  8-9  K 

H 

- 

1 35 

Density  Alt.  Histogram,  9-10  K 

H 

- 

156 

Density  Alt.  Histogram,  10K 

H 

ir 

RPM  Histogram,  *  314 

if 

. 

PPM  Histogram,  >14-319 

H 

- 

; 

RPM  Histogram,  319-324 

H 

-- 

14, 1 

RPM  Histogram,  324-329 

H 

-- 

141 

RPM  Histogram,  329-334 

H 

- 

142 

RPM  Hi stogram ,  334-339 

H 

- 

143 

RPM  Histogram,  >339 

H 

-- 

144 

Torque  Histogram,  <10  psi 

H 

-- 

1 45 

Torque  Histogram,  10-20  psi 

H 

-- 

146 

Torque  Histogram,  20-30  psi 

H 

- 

147 

Torque  Histogram,  30-40  psi 

H 

- 

148 

Torque  Histogram,  40-50  psi 

H 

-- 

149 

Torque  Histogram,  >50  psi 

H 

-- 

vote 

l 

r 

c 

m 

H 

*  Category  Timer 

*  Category  Occurrence  Timer 

*  Maximum  Parameter  Magnitude  Attained 

=  Null  Recording  Category  (times  are  conserv 
estimated  from  other  category  timers’ 

s  Histogram 

at ively 

No'  e 

2  ■ 

• 

Indicates  Damaging  Might  Condition 

Flight  Conditions  Included 
Description 


47 


TABLE  8.  AH- IS  FCM  SYSTEM  SUMMARY  (Concluded) 


L-GK  M-GW  H-GW 

Flight  Condition 

Category  Description 

Type1 

Desig. 

No.2 

ISO 

Tri 

Rudder (4) 

0-10 

-Variant 
A  Js(VH) 

<0.5 

Table 

Torque (psi) 

<10 

H 

151 

0-10 

<0.5 

10-20 

H 

- 

152 

0-10 

<0.5 

20-30 

H 

- 

1S3 

0-10 

<0.5 

30-40 

H 

-- 

154 

0-10 

<0.5 

40-50 

H 

-- 

155 

0-10 

<0.5 

>50 

H 

- 

1S6-161 

0-10 

0.5-0. 7 

(6) 

H 

- 

162-167 

0-10 

0.7-0. 9 

(6) 

H 

- 

168-173 

0-10 

>0.9 

Lb) 

H 

-- 

174-197 

10-20 

(4) 

(6) 

H 

- 

198-221 

20-40 

(4) 

(b) 

H 

-- 

222-24S 

40-60 

(4) 

(6) 

H 

- 

246-269 

60-80 

(4) 

Lb) 

H 

- 

270-293 

80-90 

(4) 

Lb) 

H 

-- 

294-317 

>90 

(4) 

(6) 

H 

- 

318  319  320 

Hovering  Control  Corrections 

N 

10* 

321  322  323 

High-Speed  Control 

Corrections 

N 

11* 

12 

49* 

50* 

51* 


Flight  Condi t tuns  Included 
De script  um 


Hovering  Control  Corrections,  Longitudinal 
Hovering  Control  Corrections,  Lateral 
Hovering  Control  Corrections,  Rudder 

0.9  VH  Control  Corrections,  Longitudinal 

0.9  VH  Control  Corrections,  Lateral 

0.9  VH  Control  Corrections,  Rudder 


324 

325 

326 

Quick  Stop  and  Sideslip 

N  18* 

Deceleration,  Quick  Stop 

52* 

Sideslip  to  the  Left 

327 

328 

329 

Hovering  Tow  Maneuvers 

N  20 

Pop-up  from  Hover 

21 

Hover,  OGE 

22* 

Lateral  Accel. 5  Rev.,  50  k  R.'L 

23* 

Lateral  Accel.  6  Rev.,  50  K  L/R 

24 

Abrupt  Descent  to  Hover  (IGE1 

330 

331 

332 

Transient  Tow  Maneuvers 

N  25 

90°  Getaway  from  Hover,  OGE,  Right 

26  90°  Getaway  from  Hover,  OGE ,  Left 

27*  Rapid  Deceleration  to  Hover,  OGE 


Note 


1: 


Note 


2: 


T  *  Category  Timer 
C  *  Category  Occurrence  Timer 
M  ■  Maximum  Parameter  Magnitude  Attained 
N  ■  Null  Recording  Category  (times  are  conservatively 
estimated  from  other  category  timers) 

H  *  Histogram 

*  Indicates  Damaging  Flight  Condition 
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* 


I' l.uk-;  t  ho  rc  1  ore  ,  it  was  grouped  with  qu  i  ck  stop  which  is  also 
damaging  to  on  I  \  t  ho  main  rotor  blade  and  none  o  1’  t  iie  other  nine 
components  i ncorpora ted  in  the  1  CM  system. 

Conservatism  is  maintained  in  this  grouping  in  two  wavs: 
g  1  )  I  he  damage  rate  used  lor  the  flight  eoiulit  ion  categories  is 
always  the  larger  of  the  two  flight  condition  damage  rates.  id, 
The  estimated  time  for  the  flight  condition  categories  was  lib¬ 
erally  estimated  at  15  percent  of  the  difference  between  the 
total  recorded  flight  time  and  the  amount  of  time  spent  doing  all 
of  the  other  directly  recorded  maneuvers. 

1  he  tow  maneuvers  that  were  added  to  the  All- IS  spectrum  also 
cannot  be  reliably  detected  with  FCM  system  parameters.  To 
facilitate  the  estimation  of  time  for  these  maneuvers,  two  flight 
condition  category  groups  were  created.  These  groups  are  titled 
"Hovering  Tow  Maneuvers"  and  "Transient  Tow  Maneuvers".  These 
groupings  are  beneficial  in  that  the  time  spent  doing  the  flight 
conditions  grouped  under  Hovering  Tow  Maneuvers  will  be  recorded 
in  flight  condition  categories  8,  !) ,  and  10  while  the  flight 
conditions  grouped  under  Transient  Tow  Maneuvers  will  be  recorded 
in  flight  condition  categories  1,  2,  and  5.  Correspondingly,  a 
liberal  percentage  of  time  was  deducted  from  these  flight  condi¬ 
tion  categories  and  assigned  to  FCC  nos.  327-532.  Twenty  percent 
of  the  time  recorded  in  the  Hovering  flight  condition  categories 
was  assigned  to  the  Hovering  Tow  Maneuvers  categories  and  15 
percent  of  the  difference  between  total  flight  time  and  all  of 
the  other  maneuver  times  was  assigned  to  the  Transient  Tow  Ma¬ 
neuvers  categories. 

DAM  A  (111  RATH  COhf  1: 1  C  1  h,\T  S 

The  damage  rate  coefficients  used  in  the  TCM  system  are  de¬ 
rived  by  combining  the  manufacturer's  fatigue  substunt i at i on  data 
for  each  of  the  components  with  the  1  CM  system  definition, 
first,  on  a  component  -  by  -  component  basis,  the  damage  rate  for 
each  flight  condition  in  the  design  utilization  spectrum  is 


calculated  by  dividing  the  damage  fraction  by  the  percent  time  of 
the  flight  condition  in  the  spectrum.  Then,  according  to  the 
groupings  of  flight  conditions  into  flight  condition  categories, 
the  highest  damage  rate  associated  with  all  of  the  flight  condi¬ 
tions  within  the  group  is  assigned  to  the  overall  flight  condi - 
t i on  category. 

An  in-house  computer  program,  I-'CMMOD,  was  written  to  perform 
these  calculations  for  each  of  the  10  components.  A  listing  of 
the  results  of  running  FCMMOD  is  provided  in  Table  9;  it  repre¬ 
sents  the  final  damage  rates  used  for  each  of  the  332  flight 
condition  categories  for  each  of  the  10  components.  All  non¬ 
damaging  flight  condition  categories  have  a  corresponding  zero 
damage  rate  coefficient.  Since' the  majority  of  the  flight  con¬ 
dition  categories  arc  associated  with  monitoring  non  fatigue - 
related  usage  information  as  mentioned  previously,  most  of  the 
coefficients  are  zero.  Also,  since  the  tail  rotor  blade  on  the 
All- IS  now  has  an  infinite  fatigue  life,  all  entries  in  its  table 
arc  zero. 

HI  i  i.  RM  I  NAT  i  ON  Of  FCM  SYSThM  TFCHX1CAL  ACCFPTAB  I  L  ITY 

To  test  the  resulting  FCM  system,  100  hours  of  the  design 
utilization  spectrum  were  converted  to  100  hours  of  equivalent 
simulated  recorder  output  data.  These  data  were  run  through  the 
IDAS  software  and  the  results  are  listed  in  Table  10. 

As  can  be  seen  from  Table  10,  a  new  feature  has  been  added 
to  the  AH- IS  IDAS  program.  For  each  of  the  10  components,  a 
table  of  incremental  fatigue  damage  by  flight  condition  category 
has  been  added.  These  tables  will  be  beneficial  in  determining 
which  flight  condition  categories  are  contributing  the  most 
damage  to  the  components  based  upon  the  actual  aircraft  usage. 


5  0 


TABLF  9. 


FINAL  DAMAGL  RATF  COFI'F  I C I FNTS  FOR  Ail-lS  IDAS 
BY  FLIGHT  CONDITION 
MAIN  ROTOR  BLADL 


1  2  3  4  5  6  7  S 

1  0.0000000  0.0000000  0.0000000  0.000001)0  0.0145  580  0.0000000  0 . 0030533  O . OOO-OC  >, 

9  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  (1.0000000  0 . 00000(0  (  '■(■(,.  .( 

17  0.0000000  0.0000000  0.00001)00  0.0000000  0.0000000  0.0000000  0.00005)0'.  (i.Oot  4 8 

25  0.0005707  0.0003500  0.002F650  0 . 0037750  0.0011700  0 . 00 37/  40  0.00  104’,.'.  o.o  ’  1  ■  V. 

33  0.00.52740  0 . 00411433  0. (>01.5075  0 . 0  0  5:1000  0.0070000  0.0000  )00  0.000. :!'):(  o  ,  0 

41  0.0000000  0.000162?  0.0000714  0.0000000  0.0000000  0.0000000  0.000  evil  ...5 

49  0 . 0002067  0 . 0000000  0.000/780  0.0006400  0.0000000  0.00025/0  0.00435R5  0 . <  ••,  •( 

57  0.0002370  0.0043583  0.0000000  0.0002400  0.00016117  (> .  0004000  O.OOtOIsm  <•  . 

65  0.000606/  0.00:52560  0.004253.5  0.1)00606/  0.00  52560  0.0  )4257  ’  O.OOOOC'OO  .  .  ■' 

73  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0. 0003805  0.  >>0(.6.-  ’  ’  '  : 

81  0.00/7333  0.0067333  0.003.  >3  00  0.007  7300  0.00437:10  0 . 0  4 1  o. 00430  ■■■"  0.  .  ’ 

89  0.0100000  0.0600000  0.187.3633  0. 05  26000  0.0044230  0.0143  ’30  0.  Ooooo  > 

>)?  0.003466/  O.OOOOOOO  0.0000000  0 .  OOOOOOO  0.0000000  0.00'.  •  >0;  3.000.)'  '' 

105  0.0000000  0.0000000  0.0000000  0.0000000  0.0(1005.00  (1.  ('('02000  0  ’.51(3  "(6  •  ,  '■  ' 

113  0.0000000  0.00001)1)1)  O.OOOOOOO  5)  .0000000  0.0000000  0. <11)000  00  o  .  000000 

121  0.0000000  0.0000000  O.OOOOOOO  0.0000000  0.(1(100(1(15'  51 .  5>05I<10<  (.  5,  2  .  . 

1  29  0.0000000  O.OOOOOOO  O.OoOOOOO  <)  .  5)5)1.05.  )■)  0.0000000  0.51 5.10  0  '>!<•)  j„.6 

13’  O.OOOOOOO  0.0000000  0.0000000  0.000005.0  0. 51000000  5). (ill'll"  5’  ('  .  f .  5 '  ( •  l  ■  1  ■  •  : 

145  O.OOOOOOO  0.00001)1)0  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  O.O'iO’.ooo  0  .  ■  -  o  1 0  v  ■  (  .  .1 

1  53  0.0000000  0.0000000  O.OOOOOOO  O.OOOOOOO  0.0000000  51.0000000  O .  ■ 

1M  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  5)  .OOOOOOu  v.C’C'"' 

169  0.5*000000  0.0000000  0.0000000  0.0000000  0  OOOOOOO  I  .  OOOeOOO  •  .(.'("■<  .  " 

l”7  0.0000000  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  0.0000000  v  .  (i  00  0  0  00  O.C005  <1  .  2  '0.1. 

1  85  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  (•.OOOOOOO  ('.'.'00(2''  "  .  3  5"  •  . 

193  O.OOOOOOO  O.OOOOOOO  0.0000000  0.0000000  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  0.2  , 

201  0.0000000  0.0000000  0.0000000  0.0000000  (I .  OOOOOOO  0.000000(1  O.OHOl '  '■  (i.i  ■  *>0 

209  0.0000000  0.0000000  O.OOOOOOO  1  .OOOOOOO  0.0000000  0  .'300001/0  I.OOOC  0  36: 

217  o.ooooooo  o.ooooooo  o.ooooooo  o.ooooooo  o . (iooo(i(>(i  o.ooooooo  '• . hood. "K  •  .  o: 

225  O.OOOOOOO  0.0000000  0  .  O'.OO'.I.O  O.OOOOOOO  0.0000000  O.OOOOOOO  0  •  OOOi. 3  .  < 1 J  C  7  ■ .  :  ’ 

233  0.0000000  0.0000000  O.OOOOOOO  O.OOOOOOO  0.0000000  (1 .('()(. (!(■(>('  (1.0(11  .'30  0.(2'.  -."'OO 

241  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  13.0000000  0.005(000  O.OCtJOOO  0 . C  33  A' 

249  0.0000000  0.0000000  0.0000000  0.0000000  0.0(100000  0 . 005-0000  (I .  (5I(. 0(1(1"  2.5  ,  0  c 

257  0.0000000  O.OOOOOOO  0.0000000  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  O.OOO'.'OOO 

265  0.00(10000  O.OOOOOOO  0.0000000  O.OOOOOOO  O.OOOOOOO  0.0000000  <  .(K'oOOOO  O. (■<>("'  <10 

273  0.0000000  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  0.0000(0'.' 

281  0.0000000  0.0000000  0.0000000  0.0(100000  0.0000000  0.  OOOOOOO  0.  (<5.00000  O.  OO'KK.OO 

289  0.0000000  O.OOOOOOO  O.OOOOOOO  0.0000000  0.0000000  0.000)0":  0.0000000  0.0000000 

297  0.00(10000  0.0000000  0.0000000  O.OOOOOOO  0.(1000000  0, (<(>('. |<  1(1  (I.  OOOOOOO  0 .  (.6(10(230 

305  0.00001)00  O.OOOOOOO  0.0000000  O.OOOOOOO  0.0000000  0.0000000  0.0000000  O.COOOi"  ) 

313  0.0000000  0.0000000  0.0000000  0. ('000000  (i .  OOOOOOO  O.OOOOOOO  0.0076000  0 .  (’('('O'  00 

321  0.0002000  0.00/7700  0.016866/  O.OOOOOOO  O.OOO’j'3  53  0. 000  5.05'  '.OOOOOOO  0.003  1  2  ) 

329  0.0008800  0.0000000  0.0000080  0.0016720 


I'ABLl:  i).  DINAR  llAMACR  RATR  CORD'D  I  Cl  1 1 !  X  1  S  DOR  Ali-lS  DRAS 
BY  l;L  I  cm  CONDITION  (Continued] 

MAIN  ROTOR  YOKR  1. Ni  l. NS  ION 


1 


3 


4  5  6 


8 


1  0.0000000 
9  0.0000000 
17  0.0000000 
25  0.00('0000 
33  0.0000000 
41  0.0000000 
49  0.0000000 
5"  0.0000000 
65  0.0000000 
7  3  0  .  ('000000 
81  0.0000000 
89  o.oorsco 
97  0.0000000 
105  0.0000000 
1150. 0000000 
121  0. 0000000 
129  o.ooooooo 
13'  0.0000000 
145  0.0000000 
153  0.0000000 
161  0 . 04)00000 
169  0.0000000 
1  7 7  0.0000000 
185  0.0000000 
193  0.0000000 
201  0.0000000 
209  0.0000000 
217  0.0000000 
225  0.0000000 
233  0.0000000 
241  0.0000000 
249  0.0000000 
257  0.0000000 
265  0.0000000 
273  0.0000000 
281  0.0000000 
289  0.0000000 
297  0.0000000 
305  0.0000000 
313  0.0000000 
321  0.0000000 
329  0.0000000 


0.0000000 
0.0000000 
0 .0000000 
0 . 0000000 
0 . 0000000 
0 . 0000000 
0 . 0000000 
0.0000000 
0 . 0000000 
0 . 0000000 
o  .oo /on  i 

0 . 0560000 
0 . 0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0 . 0000000 
0 ,0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0 . 0000000 
0.0000000 
0 . 0000000 
0.0000000 
0 ,0000000 
0.0000000 
0 . 0000000 
0.0000000 
0 . 0000000 
0.0000000 
O.O.’H.V.’OO 
0 . 0000000 


0 . 000001)0 
0 . 0000000 
0 .0000001) 
0.0000000 
0.0000000 
0.0000000 
0 , 000000') 
0.0000000 
O.OO.’VAltV 
0.0000000 
0.0000000 
0.9  2.H  7. 2. 7.4 
0 . 0000000 
0.0000000 
o . ooooooo 
0.0000000 
0 . ooooooo 
0 . ooooooo 

0 . OOOOoOO 
0 . ooooooo 
0,0000000 
0.0000000 
0 . ooooooo 
0.0000000 
0 .ooooooo 
0.0000000 
0 . OOOOOOO 
0 . ooooooo 
0 . OOOOOOO 
0.0000000 
0 . ooooooo 
0.0000000 
0.0000000 
0 . ooooooo 
o . ooooooo 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
o.ooooooo 
0.0000000 
0.0000000 


0.0000000 
0 . ooooooo 
0 . 0 000000 
0 . ooooooo 

0 . OOOOOOO 
0 . OOOOOOO 

0 . ooooooo 
0.0000000 
0 . ooooooo 
0 . ooooooo 
o.ooooooo 
0.  OJjSP.SJ: 
0.0000000 
o.ooooooo 

0 . OOOOOOO 
0 . OOOOOOO 
0 . OOOOOOO 
0 . ooooooo 
o ,  ooooooo 
0 . ooooooo 
0 . ooooooo 
0.0000000 
0 . ooooooo 
0 . ooooooo 
I)  ,  ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0.0000000 
0 . ooooooo 
0.0000000 
0 . ooooooo 
0 . ooooooo 
0.0000000 
0.0000000 
0 . ooooooo 
0.0000000 
0.0000000 
0 . ooooooo 
0 . ooooooo 
0.0000000 
0.0000000 


0 . ooooooo 
0.0000000 
0 . ooooooo 

0 , OOOOOOO 
0 . OOOOOOO 

0 . ooooooo 
o  .ooooooo 
0 . ooooooo 
0.0000000 
o .  (kiooooo 
0.0047  ViO 
o .  oi'ooooo 
o . ooooooo 
0 . OOOOOOO 
0.0000000 
(i . '  ocoooo 

0 . OOOOOOO 

(> ,  ooo(iooo 
0 . ooooooo 
0 , OOOOOOO 
0 , OOO0O00 
(> .  ('000000 
o . ooooooo 
0 . OOOOOOO 
0 . ooooooo 

0 . 00(IO(H'(| 
0 . OOOOOOO 

0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
(1 . 000(1000 
o.ooooooo 
0.0000000 
0.0000000 
0.0000000 
o.ooooooo 
0.0000000 
o.ooooooo 
0.0000000 
0.0000000 


0 . OOOOOOO 
0 , OOOOOOO 

0 .ooooooo 
0.0000000 
o.ooooooo 
0 . ooooooo 
0 . 0 000000 
0 , ooooooo 

0.00.W08V 

0 . ooooooo 
0 . ooooooo 
0  .  Oi!IS,M  ]  0 
0 . OOOOOOO 
0 , 00000(10 
0 . OOOOOOO 

0 . ooooooo 
0 . ooooooo 
(1 .  ooooooo 
0 . ooooooo 
o . ooooooo 
o.ooooooo 

0 . OOOOOOO 

0 . ooooooo 
0.0000000 
0.0000000 
0 , ooooooo 
0.0000000 
0 . ooooooo 
0.0000000 
0.0000000 
0 . OOOOOOO 
0  ,  (KIOOOOO 
0.0000000 
O.OOOOOOO 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0, ooooooo 
0.0000000 


0 . ooooooo 
(I .  ooooooo 
0 . ooooooo 
0  .  ('00(1000 
0.0000000 
O.OOOOOOu 
O.OOOOOOO 

(1 .  ooooooo 
')  .O'lOOOOO 
o .  (Kiooooo 
0 . ooooooo 
0 . ooooooo 
0 . 000000(1 
(1 . 000000(1 
0 .ooooooo 

0 . OOOOOOO 
0 . ooooooo 
0 . 000000(1 
o.ooooooo 

()  .  OOOOOOO 

0 . ooooooo 
<1 , 00(10000 
0 . ooooooo 
0  .  (10(1(1000 
0.0000000 
0 . ooooooo 
0 . ooooooo 
(1 .  ('000000 
0 . ooooooo 

0 , OOOOOOO 

0 . ooooooo 
0.0000000 
0 .ooooooo 
0 . ooooooo 
0 .ooooooo 
0 . OOOOOOO 
0 . ooooooo 
o.ooooooo 
o  .ooooooo 
0.0000000 
0.0000000 


o .  o  o  o  o  o  o  o 

0  ,  (I(K)OOOO 
0.0000000 
o , ooooooo 
0.0000000 
('  .  ooooooo 
0.0000000 
0 . 0(100000 
0 . ooooooo 
(1 ,  uooooOO 
o . oJ9  , n 3 ; 
0 . OOOOOOO 

0 . ooooooo 

0  .  (lOOOO'jC 

0 . ooooooo 

(i .  oOcOOOO 

o . ooooooo 

0  .  O'KKn'OO 
(I .  O'OOuOO'. 
(I  .  OOOOOOO 
0.0000000 
0 . OOGOOOC 
0 .OOOOOOO 
0  .  <’(>('0000 
0 . ooooooo 
0  .  ('('('('(, 00 
o.ooooooo 
0  .  ooooooo 
0  .ooooooo 

(' ,  eoOoOOO 

0  .ooooooo 
0 , ooooooo 
0 . ooooooo 
0 . ooooooo 
0.0000000 
(i  .  ooooooo 
0.0000000 
0 . ooooooo 
0 .ooooooo 
0 . 000(1000 
0.0000000 


52 


TAB  LI 


i:  INAL  DAMAL.l:  RATI.  LA)  L 1  I  i  C  I  LN'TS  [-OR  All- IS  !;» 
V>\  l:LU;m  CONDITION  (Continued  j 
MAIN  ROTOR  GRIT 


l 


4  S  6 


1 

0 . ooooooo 

9 

0. ooooooo 

1? 

0 . ooooooo 

25 

0.0000000 

3  3 

o  .ooooooo 

4  1 

0 . 0(100000 

4  9 

o  .ooooooo 

5  7 

0 . OOOOOOO 

0  5 

0  .ooooooo 

7  5 

0 . ooooooo 

81 

0 . ooooooo 

89 

0 . ooooooo 

9  7 

0 . ooooooo 

105 

0 . ooooooo 

113 

0.0000000 

121 

0 . ooooooo 

129 

0 . ooooooo 

137 

0 . ooooooo 

145 

0  .  ooooooo 

153 

0  .  ooooooo 

161 

0  .  ooooooo 

169 

0 . ooooooo 

177 

0 . ooooooo 

185 

0 . ooooooo 

193 

0.0000000 

201 

0 . ooooooo 

209 

0.0000000 

217 

0.0000000 

22S 

0.0000000 

233 

0 . ooooooo 

241 

0.0000000 

249 

0 . ooooooo 

257 

0 . ooooooo 

26S 

0.0000000 

273 

0  .  (1000000 

281 

0.0000000 

289 

0.0000000 

297 

0.0000000 

30$ 

0.0000000 

313 

0.0000000 

321 

0.0000000 

329 

0.0000000 

0  *  0000000 
0, ooooooo 
0 .0000000 
0.0000000 
0 . OOOOOOO 

0 . ooooooo 

0 . OOOOOOO 
0.0000000 
0 . OOOOOOO 

0. ooooooo 
0.0000000 
0.0000000 
0 .ooooooo 
0. ooooooo 
0  .  ooooooo 
o. ooooooo 
0 . ooooooo 
0.0000000 
o .ooooooo 
0.0000000 
0 . ooooooo 
0.0000000 
() .  OOOOOOO 
0.0000000 
0 . ooooooo 
0. ooooooo 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0  .  ooooooo 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0 . ooooooo 
0.0000000 
0 . ooooooo 
0 . ooooooo 
0.0000000 
0  .  OOA.'OOO 
0.0000000 


0 . ooooooo 
0 . ooooooo 
0  .  <>000000 
0 . ooooooo 
<)  .  ooooooo 
0 . ooooooo 

0 . OOOOOOO 

o . ooooooo 
<)  ,  001)0000 
0 . 0 oooooo 
<>  .ooooooo 

0 .038  3  ■*>  Z  3 
0  .ooooooo 
0 . ooooooo 

<)  .  OOOOOOO 

0 . ooooooo 
<)  ,  ooooooo 
0 . ooooooo 
0 . OOOOOOO 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
I) .  ooooooo 
0 . ooooooo 
0 , ooooooo 
0. ooooooo 
0 . ooooooo 
0 . ooooooo 
0 .ooooooo 
0.0000000 
0  .  ooooooo 
0 . ooooooo 
0  .  ooooooo 
0.0000000 
0 . ooooooo 
0 . ooooooo 
0  ,  ooooooo 
o . ooooooo 
0 .ooooooo 
0, ooooooo 
0 . ooooooo 
0.0000000 


0 . ooooooo 
0 . ooooooo 

<)  .  OOOOOOO 

0 . ooooooo 
0  .  <>000000 
0 . OOOOOOO 
O . ooooooo 
0 . ooooooo 

<)  .  ooooooo 
0  .  (<000000 
<)  .  OOoOOOO 

0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
o .  ooooooo 
0 ♦ 00 00000 
0 . OOOOOOO 

0 . ooooooo 
0  .  ooooooo 
0 . ooooooo 
0  .  ooooooo 
o . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 ♦ ooooooo 
0. ooooooo 
0 , ooooooo 

0 . 00000(H) 

<)  ,  ooooooo 
0 . ooooooo 
o. ooooooo 
0 . ooooooo 
O. ooooooo 
0 . ooooooo 
<) .  ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 .ooooooo 
0 . ooooooo 
<)  .ooooooo 
o . ooooooo 


<)  .  OUOOOOO 
0 . OOOOOOO 
0 . OOOOOOO 
0 , OOOOOOO 

0 .ooooooo 
0 . ooooooo 
o . ooooooo 
o . ooooooo 
0 . ooooooo 
0 . ooooooo 

0  .  OOO'.iO.tO 
0 . 000000(1 
0 . ooooooo 

0 . ooooooo 
0  .  ooooooo 
0 ♦ OOOOOOO 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 

0 . OOOOOOO 

0 . ooooooo 
0.0000000 
0 . ooooooo 
0.0000000 
<* .  ooooooo 
0 . ooooooo 
0 . ooooooo 
0.0000000 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0.0000000 
0 , ooooooo 
0 . ooooooo 
0 . ooooooo 
0.0000000 
0. ooooooo 
0 .ooooooo 


0 . 0000  >00 
0 , OOOOOOO 

0 . ooooooo 
()  .  ooooooo 
0.0000000 
0 « ooooooo 
0 . ooooooo 
0 . ooooooo 
0  .ooooooo 
0 . OOOOOOO 
0 . 000 0 <>0  0 
<  i .  u  % : ' ;  ’ .  ■ : >  <  i 
0  .  (>1)00000 
0 . OOOOOOO 

0 . ooooooo 
0 . OOOOOOO 
0 . ooooooo 
0  « ooooooo 
o . ooooooo 

0 . OOOOOOO 
0  .  OOOOOOO 
0  .  OOO0000 
0 , ooooooo 
(1  ♦  ooooooo 
0.0000000 
0. ooooooo 
0  .  ooooooo 
0, ooooooo 
0.0000000 
0.0000000 
0  .  ooooooo 
o. ooooooo 
0 . ooooooo 
0.0000000 
0.0000000 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0.0000000 


0 . ooooooo 

0 . 0 0 (■  < i (■  0 0 
0.0000000 
0 . ooooooo 
0 .ooooooo 
()  .  (>00000 0 
0  .  ooooooo 

(I  .  <»()('(H'(iO 

0 . ooooooo 
0 . ooooooo 
0  .  ooooooo 
(I  .  ooooooo 
0  .  ooooooo 

0  ,  <>0("-O0('< 

■)  .  ooooooo 

0 , OOOOOOO 

0 . ooooooo 
0  ,  oO <‘000 0 
0 . 0  0  0  0  0  0  o 
0 . 0(100000 
0 .ooooooo 
0 . 00(10  000 
0 .ooooooo 
(1  .  <.'000000 
0.000000 0 
()  .  OOOOOOO 

0 . ooooooo 
0 . 00000(»0 
0.0000000 
0 . ooooooo 
0 . ooooooo 
0 , ooooooo 

0 . OOOOOOO 

o  < ooooooc 
0  .  ooooooo 
0 , ooooooo 
0 . ooooooo 
0. ooooooo 
0.0000000 
()  .  ooooooo 
0.0000000 


8 

0 . 0  0  0  0  0  0  0 
0 . OOOOOOO 

0 . ooooooo 
()  .  ooooooo 

0  .  ooooooo 

0  .  (HHiOOOO 

0 .ooooooo 
r  ,  { '(iO ooo 0 
0 . ooooooo 
(<  .  M) 0000  0 

o .  oo  a  o  r1 7?. 

!< .  HOC  O00C 
0 . C0000CO 

()  .  vH‘0.  (.00 

0 . 0  0  0  0  o  o  0 
o  .  0(< 0(1  ooo 
0 . 000') <>00 
o . OOOOOOO 
0 . 0  0  0  0  o  o  c 
0  .  (<(  ('('000 
0.0000000 
o . ooooooo 
0  .ooooooo 

0 . 000<I(>00 

0. ooooooo 
0 . oooocoo 
0  .  ooooooo 
0  <  (1(10  000  0 
0 . ooooooo 
0 . ooooooo 
0.0000000 
(1.  ooooooo 

0  .OOOOOOO 
(<  .  0  000  00  0 
0  .ooooooo 
0 . ooooooo 
0.0000000 
0 . ooooooo 
0  .ooooooo 
0 . ooooooo 
0.0000000 


TABLi:  9.  FINAL  DAMAGI:  RAIL  COlil  !-  IC1 FNTS  FOR  All- IS  I  DAS 
L't  FLIGHT  CONDITION  (Continued) 

MAIN  ROTOR  PITCH  HORN 


1  2 
1  0.00001)00  0.0000000 
9  0.0000000  0.0000000 
17  0.0000000  0.0000000 
25  0.(1000000  0.0000000 
33  0.0000000  0.0000000 
41  0.0000000  0.0000000 
49  0.0000000  0.0000000 
5 7  0.0000000  0.0003383 
65  0.0003067  0.00)3600 
73  0.0000000  0.0000000 
81  O.OOOOrtOO  0. 00093/.3 
89  O.OoSOOOO  0 . 0630000 
97  O.OOUOOOO  0.0000000 
105  0.0000000  0.0000000 
1  13  0.000000';  0.0000000 
1-1  0.0000000  0.0000000 
129  O.OOOOOO'.:  0.0000')')!) 
137  0.0000000  0.0000000 
145  0.0000000  0 . OOODvOO 
153  0.0000000  0.0000000 
161  0.00000'."')  0  .  OOOOl)!)!)  I) 
169  0.0000000  0.0000000  0 
177  0.000001)0  0.0000000  0 
185  0. 0000007  0.0000000  0 
193  0,0000000  0.0000000  0 
201  0.0000000  0.0000000  0 
209  C. 0000000  0.0000000  0 
217  0.00(0000  0.0000000  0 
225  0.001)0000  0.0000000  0 
233  0.0000000  0.0000000  0 
241  0.0000000  0.0000000  0 
249  0.0(100000  0.0000000  0 
257  0.0000000  0.0000000  0 
20S  O.OOt'OOOO  0.0000000  0 
273  0.0000000  0.0000000  0 
281  0.0000000  0.0000000  0 
289  0.00601)00  0,0000000  0 
297  0.0060000  0.0000000  0 
305  0.0000000  0.0000000  0 
313  0.0000000  0.0000000  0 
321  0.0000000  0.00JV600  0 
329  0.0000000  0.0000000  0 


3  4  5 

O.OOOOOOO  ''.0000000  !)  ,1)00001)0 

(i.ooooo(i(i  o.ooooooo  o.ooooooo 

0 . 00 00 ODD  O.OOOOOOO  0.0000000 
0.0000000  0.(10(1000(1  O.OOOOOOO 
0.0004700  O. 000. '4 10  0,0000000 
0.0000000  0.(1000(100  0.0(100(1(1(1 
O.OOOOOOO  0.0000000  O.OOOOOOO 
0.  OOOOOOO  0.0000000  0  .  (i(< "  ■  CO 0 
0.0  01 07, 78  0 . 1)00360  /  0  .  O';  I  7,600 
0.0000000  O.OOOOOOO  0.000)000 
0 . 000  6."..')  0 . 1)  1)0 77.00  11 . 007  7 
0.  1456667  0.01  .,  7.00  0 . 0  i  ;'in>'..0 
o . oooooo-i  o.o oooooo  n .oooooi-o 
0  •  0  0  u  0  0  0  0  0  *0000  0 0  0  0  .  0 '  1 0  0 o O o 
0.0000000  O.OOOOOO')  .  0n<)0-V>0 
0  ,  OOOOOOO  O.OOOOOOO  0  «  OOOOOOl' 
0  .  uOOOOOO  v,  ,  hOOOhOu  0  ,  ■.Hh.'HOM) 
O.OOOOu.K)  O.OOOOOOo  ('.MiOCaHHi 
i),  l)()(.')‘)n()  ",  OOOOooO  O  ,  )0  0"000 
,  •.(:'>  0  0  00  ".000  0000  0 » 
.OOOOOOO  0.0000000  O.OOOOOOO 
,00  0  0  o  o  0  (>  .  0  0  0  0  ()  0  0  0 . 0  0  0  O  0  (  o 
,  O.ooooooo  o  . oo ooo no 

>0000000  0.  OOOOOUO  O .  0  0«  OoOO 

*0000000  0.0000000  u.</<iOOuQo 

.OOOOOOO  0 . OOOOOOO  0.0000000 
. OOOOOOO  0 , OOOOOOO  O > OOOOOOO 
.OOOOOOO  0.0000000  o.ooooooo 

, OOOOO’X)  0.0000000  0.0000000 
. OOOOOOO  0 , OOOOOOO  0 . OOOOOOO 
>0000000  0.0000000  O.OOOOOOO 
.OOOOOOO  O.OOOOOOO  0. >000000 
.OOOOOOO  0  #  *,*00000  0  0.OO00000 
OOOOOOO  O.OOOOOOO  0  .  (I-.IIOOOO 

OOOOOOO  0.0000000  o.ooooooo 
(#000000  0.0000000  0.  ('<.00000 
OOOOOOO  O.OOOOOOO  0.0000000 
OOOOOOO  0.0000000  O.OOOOOOO 
OOOOOOO  O.OOOOOOO  0.0000000 
OOOOOOO  0.0000000  O.OOOOOOU 
OOOOOOO  0,0000000  0,000000') 
OOOOOOO  0.  (>000000 


6 

7 

8 

0  .  OOOOOOO 

0  .  OOOOOOO 

(J  . 

OOO  /OC 

0  .  OOO.'OOO 

() .  OOOOOOO 

0  . 

ooooi-o 

0  ,  OOOOOOO 

0  .  OOOOOOO 

0  . 

ooo" o; 

0 . 0(1(1(1(100 

o . oonoooo 

0  . 

0  .  OOOOOOO 

0.00 0  0 0  0 0 

0  . 

0000 oo 

0  .  <] Ou 00 on 

■:  .  ooooooo 

(. . 

on"  i'i'- 

0 . 00  OoOon 

0  .  "  0  0  a  8  i 

o . 

<;0n  oOC 

(1 , OOOOOOO 

0  .  (*<500000 

0  . 

OOdii  0 ■: i 

o  .  "0  :  oo  /  a 

0  ,  ooooooo 

0  . 

0  0  0  O  (;  0 

(/ ,  0<'OOr,(X> 

(}  „ 

.  0  .(■(■ 

0  .  OOQ  v 

0  .  ICO""  C.*0 

<1 . 

o  o  or',"f 

0  .  c  5  :  ■  / 

O.f.MJi  """ 

0  . 

,  1  ■  1  .  ■ 

0  .  'JOnO'.H;',! 

if  .  0  L. 

o , 

'  ■  ■■;  '  .  ; 0 

0 .  ;i()(;v 

0,  v 

"  . 

..  IT'!)... 

0 . 000 On no 

')  .  OoOOOOO 

0  X.  )0C 

0  «  "OOoOO" 

U  ( 

.•*-"00 

0  .  .‘'DO  ' • 

o  .  ■  •  0  o  o  o  o  o 

.■  o  o  - 1  o  •: 

0  .  "OO"  Im  «.» 

'  .  .''0 

■  i  1-  .  'i "  r. 

:j  , 

:  .  •.'.■Oooo'jn 

HOC  j  0  0 

0.  P'AH'u:'  • 

.a  ,  i.i o r.r  O',. 

0  .  n  0  0  0'  i"  1 

,  U'.'lHi  '■  ■'■)"  0 

1,  ♦ 

•  ■  ■ '  0  (. 

0  .  0(".lvU!(lO 

o  .<)')■>  oo 

')  .  •:  -O00(  0 

O'"  0  "! 

0  .  (>000  ■<>< 

o<;-- 

•  1  .'  1  '. 

0  .  OOOouCi.j 

"'.OO 

0  . 

0  0;  0‘S-)  0 

0 . 0< *0(1000 

C  .  .'O'X.uOO 

o  . 

(  ", 

0 , OOOoOOO 

0  .  0  00  0 0 

0  0  0  .  .1, 

0  .  uO"('»000 

( 1  .  '•  H.1  0(  lid 

•0  oof 

0  .  oo.'.';-  ) i ■ •; 

"  .  ‘  0  :  0  v,  .  ’ 

,  v, <;•  0  o 

0  .  n  0  0-0  O'  *0 

• ; ,  :,o<> 

0  « 

0 . On 00000 

•; ,  non*'? •; a 1 

0  . 

0 . 0000000 

0  »  (»0o('0«.H 

0  .  ooo oooo 

0 . 000  0  o 0  0 

0  . 

>.  J  0  0  v  c 

0  .  OOOOOOO* 

0  .  O-.-.-oO 0 

0  . 

"  *0"( 

0 . 0 1) 0 ooo 0 

0,0"  O',  -o 

0 , oOOOnOO 

v*  ,  OOv’OOnO 

(  . 

0  0 

0 . OOOOOO" 

0 , 0  0  O'  ■;  ■)  ) 

0  . 

,io'  '  .. 

0 . OOOOOOO 

<  ,  HUO.'ih  n 

1  < 

(U.O.tiii 

0 . 0  00001'  0 

0 , 0  0  C  0  0  0  0 

0  . 

0  0  f  oo  c 

0 , OOO"  no 

(i  ,  O00O0  00 

0  . 

C  0  00  00- 

0 . 0000 0" 0 

V)  ,  •■Oc  OO0  0 

0  . 

uO'-'OCC 

TAB  LI  .  9. 


FINAL  DAMAG1;  RAIL  COFFF  IC I FNTS  FOR  All- IS  FDAS 
BY  FLIGHT  CONDITION  (Continued) 

RLTLXT ION  STRAP  FTG/NUT 


l 


2  3  4  5  6  7  8 


1  0.0000000  0.0000000  0.0000000  0.0000000  0 . O.Jor.iOO  O.OOOOOOO  0.0000000  0.0000000 

9  0.0000000  0.0000000  0.0000000  0.0000000  0.000(1000  (1,0000000  (1,00(10000  (1,0000000 

17  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

2  5  0.0000000  0.0000000  0.0000000  0.0000000  0.00(1000(1  0,0000000  (1.(1000000  0.000(1000 

33  0.0000000  0.0000000  0.0000000  0,0000000  0.0000000  0.0000000  0.0000000  0.0000000 

41  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  O.OOOOOOO  (1.00(10000  0.00000(10 

49  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

5  7  0.0000000  0.0000000  0.0000000  0.0000000  0.00(1(1000  0.0000000  () .  00(10000  O.OOOOOOO 

<55  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.00001)00  0.0000000  0.0000000 

73  0.0000000  0.0000000  0.0000000  0.00000(1(1  0,(100000(1  (1,000(100(1  (1.0000000  0.0000000 

81  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  O.OOOOOOl)  0.0000000 

89  0.0000000  0.0000000  0.(10(10000  O.OOOOOOO  0.000000(1  (1,(1(1000(1(1  (1.00(1(1000  0.0000(100 

97  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

105  0.0000000  0.0000000  0.0000000  O.OOOOOOO  0.0000000  O.OOOOOOO  (1.(1(10000(1  0,00(10(100 

113  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

121  0.0000000  0.0000000  0.0000000  O.OOOOOOO  O.OOOOOOO  (1.00(10(1(10  0.000000(1  0.00(1(1000 

129  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  O.OOOOOOl)  O.OOOOOOO  0.0000000 

137  0.0000000  0.0000000  O.OOOOOOO  0.0000000  O.OOOOOOO  O.OOOOOOO  0.(1000000  0.0(1(10(100 

145  0.0000000  0,0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

153  0.(1(1(10000  0.0000000  0.0000000  0.000(100(1  O.OOOOOOO  0.(1(100(1(1(1  0.000(10(10  O.OOOOOOO 

0.0000000  0.0000)00  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 
1^5  0.0000000  0.0000000  0.0000000  O.OOOOOOO  (1.(1(1(1(1000  O.OOOOOOO  0.000(1000  (1,0(1000(10 

1  '  l  O.OOOOOOO  O.OOOOOOl)  0.01)00000  0.0000000  0.01)00000  0.0000000  0.0000000  O.OOOOOOO 

IS5  0.0000000  0.0000000  0.0000000  0.0000000  0.  (1(1(1(1000  O.OOOOOOO  0.0000000  0.0000(1(10 

193  0.000001)0  O.OOOOOOl)  0.0000000  O.OOOOOOl)  0.0000000  0.0000000  <).  0000000  0.0000000 

201  0.0000000  0.0000000  0.0000000  0.(100(1000  0.0000000  O.OOOOOOO  0 .  (1(1(1000(1  (,,(1(100000 

2 09  0.0000000  O.OOOOOOl)  0.0000000  O.OOOOOOO  O.OOOOOOO  0.0000000  0.0000000  0.0000000 

217  O.OOOOOOO  0.0000000  0.0000000  O.OOOOOOO  O.OOOOOOO  0.0000000  O.OOOOOOO  0,000(1000 

325  0.0000000  0,0000001)  0 . 001)0000  O.OOOOOOO  0.0000000  0.0000000  0.0000000  (l.OOOOOOC 

233  0.0000000  0.0000000  0,0000000  0.0000000  0.(100(10(111  0.0000(10(1  0.0000(10(1  0 .  (1000(100 

241  O.OOOOOOO  O.OOOOOOO  0.0000000  ,1.0000000  0.0000000  0.0000000  O.OOOOOOO  0.000000c 

3  49  0.(1(1(10000  0.0000000  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  0,0000000  O.OOOOOOO  0.0000000 

257  0.0000000  0.0000000  0.0000000  0.0000000  O.OOOOOOO  0.0000000  0.0000000  0.0000000 

265  0.0000000  0.0000000  0.0000000  0.000(1(10(1  0.0(100000  (1.0000000  O.OO'IOOOO  (1.00(1(1000 

277  0.0000000  O.OOOOOOO  O.OOOOOOl)  O.OOOOOOO  0.0OOOOOO  0.0000000  0.0000000  0.0000000 

281  0.0000000  0.0000000  0.0000000  O.OOOOOOO  (1 . 00(1(1(10(1  (1.(1000000  0.00(1(1000  O.OOOOOOO 

289  0.00001)00  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

397  0.0000000  0.0000000  0.0000000  O.OOOOOOO  0. 0000000  O.OOOOOOO  O.OOOOOOO  0.0000000 

305  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  0,0000000  0.0000000  0.0000000  0.0000000  0.0000000 

313  0.0000000  0.0000000  0.0000000  0.0000000  0 .  (>0000(10  0.0000000  O.OOOOOOO  0.0000000 

321  0.0000000  0.0000000  O.OOOOOOO  O.OOOOOOO  O.OOOOOOO  0.0000000  0.0000000  0.0000000 

329  0.0000000  0.0000000  0.0000000  0.0000000 


tabu:  >>. 


FINAL  DAMACL  RATI:  COM  I-  IC  I  I.XTS  I  OK  \!i-IS 
1A  M.K1HT  CONDITION  (Continued) 

SKA  SI  [  P I  .AT  1 :  DR  I V 1.  LINK 


1 


1  2  3 


6 


l  0.0000000 
9  0.0000000 
1 7  0.0000000 
2  5  0.0(100000 
33  0.0000000 
41  0.0000000 
49  0.0000000 
57  0.0000000 
05  0.0000000 
75  0.0000000 
81  0.0008(100 
89  0.0008333 
97  0.0000000 
105  0.0000000 
113  0,0000000 
121  0.0000000 
129  0.0000000 
137  0,0000000 
145  0.0000000 
153  0.0000000 
161  0.0000000 
169  0.0000000 
177  0.0000000 
185  0.0000000 
193  0.0000000 
201  0.0000000 
209  0,0000000 
217  0.0000000 
225  0.0000000 
233  0.0000000 
241  0.0 000000 
249  0.0000000 

2S7  0.0000000 
265  0.0000000 
273  0.0000000 
281  0.0000000 
289  0.0000000 
297  0.0000000 
305  0.0000000 
313  0.0000000 
321  0.0000000 
329  0.0000000 


0.0000000 
0 . 0000000 
0.0000000 
0.0000000 
0 . 0000000 
0.0000000 
0.0000000 
0 . 0000700 
0 ,00032(10 
0.0000000 
0 . 0000000 
o.o?r,oooo 
0.0000000 
0.0000000 
0.0000000 
0 . 0000000 
0.0000000 
0.0000000 
0.0000000 
0 . 0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.0000000 
0.00.00000 
0.0000000 
0 . 0000000 
0.0000000 
0.0000000 
0,0000000 
0.0000000 
0.0000000 
0.0000000 
0 .0000000 
0.0000000 
0.0000000 
0.0000000 
0.0003200 
0.0000000 


0 . 0000000 
0 . 0000000 
0 . OOOOOOO 
0  .  (1000000 
0 . OOOOOOO 
0.0000000 
0  .  OOOOOOO 
0 . OOOOOOO 

o.ooo  :i;iu 
0.0000000 
0 . OOOOOOO 
0.0/-40000 
0  .  OOOOOOO 
0 . OOOOOOO 
0  .  OOOOOOO 
0.00 00000 
0  .  OOOOOOO 
0.0000000 
0 . OOOOOOO 
0.0000000 
0 . OOOOOOO 
0.0000000 
0 . OOOOOOO 
0.0000000 
0. OOOOOOO 
0.0000000 
0  .OOOOOOO 
0 . OOOOOOO 
0.0000000 
0.0000000 
0 . OOOOOOO 
0 . OOOOOOO 
0,0000000 
0.0000000 
0 . OOOOOOO 
0.0000000 
0.0000000 
0 . OOOOOOO 
0  .OOOOOOO 
0 . OOOOOOO 
0.0000000 
0 . OOOOOOO 


0 . OOOOOOO 
0 . OOOOOOO 
I) .  OOOOOOO 
0  .  (10(10000 
0 . OOOOOOO 
0 . OOOOOOO 
I) .  OOOOOOO 
0 . OOOOOOO 
0 , OOOOOOO 
0  .  (10000(1(1 
o . ooooooo 
o .  non  too/ 

0 . OOOOOoQ 

0 . ooooooo 
0 . ooooooo 
(1 .  ooooooo 
0  .  ooooooo 
0. ooooooo 
0 .ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0.0000000 
0  ,  ooooooo 
0.0000000 
0.0000000 
0 . ooooooo 
0.0000000 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0.0000000 
o. ooooooo 
0.0000000 
0.0000000 
0.000000 0 
0 . 00000(10 
0.0000000 
0 . ooooooo 


o . ooooooo 
0 . 000(1000 
0 . ooooooo 
o . ooooooo 
0 . ooooooo 
0 . 0(100000 
0  .  ooooooo 
(1 , 00(10000 
o .  ooo  (?:io 
0  .  (1(100000 
0.001  37,00 
0  .  (1 0  /  7  (1 0  0 
0  .ooooooo 
0.0 000 000 
0.0000000 
o.ooooooo 
0.0000000 
o.ooooooo 
0 . ooooooo 
o.ooooooo 
0.0000000 
0 . ooooooo 
0.0000000 
0.0000000 
0.0000000 
0 . ooooooo 
o.ooooooo 
0.0000000 
0.0000000 
0.0000000 
0,0000000 
0. ooooooo 
0.0000000 
0.000000(1 
0.0000000 
0 . ooooooo 
0.0000000 
0.0000000 
0  .ooooooo 
0 . ooooooo 
0.0000000 


0 . ooooooo 
0 , ooooooo 
0 . OOOOOOO 
0 . 00000(1(1 
0 .ooooooo 
(i .  ooooooo 
o.ooooooo 
(I ,  ooooooo 

0.000  014  4 

0 . ooooooo 
0 . ooooooo 

0.01 VO/AO 
0.0000000 
0 . 0000 000 
0.0009000 

0 . ooooooo 
0 . ooooooo 
0, 000000(1 
0.0000000 
0 . ooooooo 
0.0000000 
0. ooooooo 
0.0000000 
0 . ooooooo 
0 . ooooooo 
0.0000000 
0 . ooooooo 
0.0000000 
0 . ooooooo 
0. ooooooo 
0.0000000 
0.0000000 
0.0000000 
0, ooooooo 
0.0000000 
(i ,  0(10000(1 

0 . ooooooo 
0 . ooooooo 
0.0000000 
0 . 0(100000 
0.0000000 


0 . ooooooo 
(i .  (ukkukio 
9 . OOoOOOd 
0 .  oooo oo(i 
0  .  ooooooo 
(1  ,  (11,(100(1(1 
0 .0900  .*00 
(1 .  OOC  0  00  0 
0.0000000 
0  .  (10(1(100(1 
0 . ooooooo 
(i ,  ooooooo 
0  .ooooooo 
(i .  ooooooo 
0 . ooooooo 
0.000(1000 
0 . ooooooo 
(1 . 0 (10(1(1(1(1 
0 . ooooooo 
0.000000(1 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
o . ooooooo 
0 . ooooooo 
0.0000000 
0.0000000 
0  .  (1(1(10000 
0 . ooooooo 
0 . ooooooo 
0 .ooooooo 
0.0000000 
0 . ooooooo 
0  .  (1(100000 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 


l 


! 


s 


5  b 


n  \s 


0 . 0  0  0  0  0  0  i 
0 , 0(100<,(  0 
0  .  OOOOOOO 

( . ooooooo 
0  .  OOOOOOO! 
0  .  (1(1  .,(1(00 
0.00 0 0 000 
(1  .  ( ■000(100 
0 . ooooooo 
o.ooooooo 
0.001?:, 00 
(I ,  (1(1(1(1(10  0 

0 .ooooooo 
(I .  ooooooo 
0.0000000 
o.ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 .  (10(10000 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0.00(10(100 
0.0000000 
0  ,  <1(100000 
0 . ooooooo 
o.ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0 . ooooooo 
0.0000000 
0 . ooooooo 
0 . ooooooo 
0 . 0000(100 
0 . ooooooo 
0 . ooooooo 
0.0000000 


I  A  Bid. 


riwi.  damagr  rah.  lokh  h: i r.\rs  rou  \ii  is 

BY  11.1(11  IT  CONDITION  (Continued) 
SilASIIl’l  A'l  1  OUT1.R  RING 


1  2  3  4  5  6  7  8 

1  o.ooooooo  o.ooooijoo  o.ooooooo  o.ooooooo  o.ooooooo  o.oooooco  o.ooooooo  o.ooooooo 

')  0.0000000  0.0000000  0.0000000  0.0000000  0 . OdOOOOO  0.0000(100  (1 . 0000000  (.(.(1(0000 

170.0000000  0.0000000  0.0000000  0.0000<)00  0.01)00000  0.0000000  0.0000000  0.0000000 

2 5  0 . 0000000  0.0000000  0,0000000  0.0000000  0,0000000  (1.(1000000  0.000(;00(  <■' ,  ooooooo 

330.0000000  o.ooooooo  o  ,i)0()oood  o.ooooooo  o.ooooooo  o.ooooooo  o.ooooooo  o.ooooooo 

41  O.OOOOOOO  0.0000000  0.0000000  0.0000000  0  .  OOOOOOO  (. .  (10(1(1(10(1  (I.ooc  <.<•<•••  0  .  ('(.0(1000 

40  0.0000000  0.1)000000  0.0000000  0.0000000  0.0000000  O.OOOOOOO  0. 00004', 0  O.OOOoCOO 

37  0.0000000  0,0000450  O.OOOOOOO  (1.00(1000(1  0. 00(10000  0  .  <10(1(1(1(10  0  .  (K'0<  ('(,(1  (1.(1000000 

05  0.0000000  0 .  OO'.il  .’(>1)  O.DO'.iO.iOO  O.OOOOOOO  0 .00:11  073  0.000740.’  O.OOOOOo'l  0.0000000 

73  0.0000000  0.0000000  0.0000000  O.OOOOOOO  O.OOOOOOO  (1. OOOOOOO  (I .  (KIOOOOO  (1  (,(1(1(1(100 

81  0.0006)33  O.OOOOOOO  O.OOOOOOi)  0.0000000  ().()()<)  40  0.0000000  0.0000000  0, 0340170 

89  0.0300000  0.0836500  0 . 1  80  ??  50  0.0057580  () .  04  1  /OOO  0  .('!,'  43330  0  .  (KK'OOOO  0  .  (,000, -00 

070.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  O.OOOOOOO  0.0000000 

105  0.0000000  0.0000000  O.OOOOOOO  0.0000000  0.0(100000  O.OOOOOOO  0.0(1(1(1(10(1  0,0000000 

1130.00001)00  0.0000000  0.0000000  O.OOOOOOO  0.0000000  0.0000000  0.0000000  0.0000000 

121  0.0000000  0.0000000  0.0000000  O.OOOOOOO  (1.000(1000  0.0000000  O.OOOOOOO  0,0000000 

129  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0. 0()0<)000 

137  0.0000000  0.0000000  0.0000000  0.0000000  0. 000000(1  0.00000(10  O.OOOOOOO  (1.(10(10(100 

145  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

153  0.0000000  0.0000000  O.OOOOOOO  0.0000000  0.0000000  O.OOOOOOO  0,000(1000  0.0000000 

161  0.0000000  0,00001)00  0.001)0000  0.0000000  0.0000000  O.OOOOOOO  O.OOOOOOO  0,0000000 

169  0.0000000  0.0000000  0.0000000  O.OOOOOOO  (1.0000000  O.OOOOOOO  0 . OOOOOOO  (i . OOO00O0 

177  0.0000000  O.OOOOOOO  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

I  185  0,0000000  0.0000000  0.0000000  O.OOOOOOO  0.0000000  0.0000000  0.0000000  O.OOOOOOO 

r  193  0.0000000  0.0000000  0.0000000  0 . OOOOOOO  0.0000000  0.0000000  0.0000000  0.0000000 

201  0,0000000  0.0000000  O.OOOOOOO  0.0000000  0.0000000  (1.0(100000  0,0000000  o.ooooooo 

209  0.0000000  0.0000000  O.OOOOOOO  0.0000000  0.0000000  0.0000000  0.0000000  o.oooooco 

2 1 7  O.OOOOOOO  0.0000000  0.0000000  0.0000000  0.0000000  O.OOOOOOO  0.(100000(1  0.0000000 

225  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

233  0.0000000  0.0000000  0.0000000  O.OOOOOOO  O.OOOOOOO  0.0000000  O.OOOOOOO  (1,0000000 

241  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

249  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  O.OOOOOOO  0.0000000  0.0000000 

257  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  O.OOOOOOO 

265  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  O.OOOOOOO  0,0000000 

275  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0,0000000 

281  0.0000000  0.0000000  0.0000000  O.OOOOOOO  (1.0000000  0,0000000  0.0000000  0.(1(100000 

289  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

297  0.0000000  0.0000000  0.(1000000  0.0000000  O.OOOOOOO  (1.0000000  0.0000000  (1.(10(10000 

305  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

313  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000  O.OOOOOOO  0,0000000 

321  0,0000000  0.0000000  O.OOOOOOO  0.0000000  0.0000000  0.0000000  0.0000000  0.0000000 

329  0.0000000  0.0000000  0.0000000  o.ooooooo 


1'ABLI.  9.  FINAL  DAMAGE  RATI;  COEFFICIENTS  FOR  Ail  - 1 S  FDAS 
BY  FLIGHT  CONDITION  (Continued) 
SWASHPLATL  INNER  RING 


12  3  4 

1  0.0000000  0.0000000  0.0000000  0.0000000 
9  0.0000000  0.0000000  0.0000000  0.0000000 
17  0.0000000  0.0000000  0.0000000  0,0000000 
25  0.0000000  0.0000000  0.0000000  0.0000000 
53  0.0000000  0.0000000  0.000430V  0 . 0007700 
41  0.0000000  0.0000000  0.0000000  0.0000000 
49  0.0000000  0.0000000  0,0000000  0.0<)00000 
57  0.0000000  0.0008050  0.0000000  0.0000000 
65  0.0017333  0.00)310/  0.000/7/i)  0.00)7333 
73  0.0000000  0.0000000  0.0000000  0.0000000 
81  0.01  10367  0.00031.11  0.00/33/0  0.0050000 
89  0.0133333  0.1010000  0. .''753333  0.03/5000 
97  0.0000000  0.0000000  0.0000000  0.0000000 
105  0.0000000  0,0000000  0.0000000  0.0000000 
113  0.0000000  0.0000000  0.0000000  0,0000000 
121  0.0000000  0.0000000  0.0000000  0.0000000 
129  0.0000000  0.0000000  0 . 0000000  0.0000000 
137  0.0000000  0.0000000  0.0000000  0.0000000 
145  0.0000000  0.0000000  0,0000000  0.0000000 
153  0.0000000  0.0000000  0.0000000  0.0000000 
161  0.0000000  0.0000000  0.0000000  0.0000000 
169  0.0000000  0.0000000  0.0000000  0.0000000 
177  0.0000000  0.0000000  0.0000000  0.0000000 
185  0.0000000  0.0000000  0.0000000  0.0000000 
193  0.0000000  0.0000000  0.0000000  0.0000000 
201  0.0000000  0.0000000  0.0000000  0.0000000 
209  0.0000000  0.0000000  0.0000000  <), 0000000 
217  0.0000000  0.0000000  0.0000000  0.0000000 
225  0.0000000  0.0000000  0.0000000  0.0000000 
233  0.0000000  0.0000000  0.0000000  0.0000000 
241  0.0000000  0.0000000  0.0000000  0.0000000 
249  0.0000000  0.0000000  0.0000000  0.0000000 
257  0.0000000  0.0000000  0.0000000  0.0000000 
265  0.0000000  0.0000000  0.0060000  0.0000000 
273  0.0000000  0.0000000  0.0000000  0.0000000 
281  0.0000000  0.0000000  0.0000000  0.0000000 
289  0.0000000  0.0000000  0.0000000  0.0000000 
297  0.0600000  0,0000000  0.0000000  0.0000000 
305  0.0000000  0.0000000  0.0000000  0.0000000 
313  0.0000000  0.0000000  0.0000000  0.0000000 
321  0.0000000  0.0015/00  0.0007533  0,0000000 
329  0.0000000  0.0000000  0.6000000  O. 0000000 


5  6  7  8 

0.0000000  0.0000000  0.0000000  0.0000000 
0.0060000  0.0000000  0.0000006  0.0000000 
0.0000000  0.0000000  0.0000000  0.0000000 
0.0060000  (1.0000000  0.0000000  0.0000000 
0.0000000  0.0000000  0.0000000  0.0000000 
0.0060000  0.0000000  0.0(100000  0.0000000 
9.0000000  0.0000000  0 , 0008050  0.0000000 

0.0000000  0.0000000  0.0000(100  (I.  0000000 

0.00)610/  0.0007//8  0.0000000  0.0000000 
0,0000000  0. 0000000  ('.0(100000  0.0000600 
0.0093710  0 .0.’9(1/)  4  0.0050000  0.0135778 
0 . 0  077600  0.03::4/i70  0.(1000000  ('.<>000000 
0.0000000  0.0000000  0.0000000  0.0000000 
0.0000000  0.0000000  0.(10(10000  0. ('000000 
0.0000000  0.0000000  0,0000000  o.oooooco 
0.  <><><><><><><>  0. 0000000  (1. 00(10000  0.0000000 
0.0000000  0.0000000  0.0000000  0.0000000 
0.0000000  0,  OOOOOOO  0.(1(10(1(100  0.0000000 
0.0000000  0. OOOOOOO  0.0000000  0.0000000 
0.  (1(1(1(1000  0.0000000  0.  OOOOOOO  ('.OOOOOOO 
0.0000000  0.0000000  0.0000000  0.0000000 
0.00000(1(1  ('.OOOOOOO  0.0000000  0 .  OOOOOOO 
0.0000000  0.0000000  0,0000000  0.0000000 
0.0000000  0. OOOOOOO  ('.OOOOOOO  0. OOOOOOO 
0.0000000  0. OOOOOOO  0.0000000  0.0000000 
0.0000000  0. OOOOOOo  ('.OOOOOOO  0.0000000 
0,0000000  0.0001)000  0.0000009  0.0000000 
0.0000000  0.0000000  0.0000000  0.0000000 
0.0000000  0.0000000  0.0000000  0.0000000 
0.0000000  0.0000000  0.0000000  o.ooooooo 
0.0000000  0.0000000  0.0000000  0.0000000 
0.0000000  O.OOOOOOO  0.0000000  ('.('000000 
0.0000000  0.0000000  0.0000000  0.0000000 
(I .  OOOOOOO  0.0000000  0.000(1000  0.  ('('00000 
0.0000000  0.0000000  0.0000000  0.0000000 
O.OOOOOOO  0.0000000  0.0000000  o.ooooooo 
0.0000000  0.0000000  0.0000000  0.0000000 
0.0000000  O.OOOOOOO  O.OOOOOOO  ('.OOOOOOO 
0.1)000000  0.0000000  0.0000000  0.0000000 
0.0000000  0.0000000  0.000000(1  (1.0000000 
0.0000000  0.0000000  0.0000000  0.0000000 


1ABLE  9.  PINAL  DANL\GL  RATH  COEFFICIENTS  FOR  AH  - 1 S  FD\S 
BY  FLIGHT  CONDITION  (Continued) 


HYDRAULIC 


1  2  3  4 

L  0.001)0000  0.0000000  0.0000000  0.0000000 
9  0.0000000  0.0000000  0.0000000  0.0000000 
17  0.0000000  0.0000000  0.0000000  0.0000000 
25  0.0000000  0.0000000  0 . 000  t  700  0.0000000 
33  0 . 0008700  0,0000000  0.00)3401  0.0003H10 
41  0.0000000  0.0000000  O. 0000000  0.(1000000 
49  0.0000000  0.0000000  O.OoOOOOO  0.0000000 
57  0.0000000  0.0004000  0.0000000  0.0000000 
05  0.0003007  0 . 00  9  4  000  0 . 007  1  0117  0.00031)0/ 
7  3  0.0000000  0.0000000  0.0000000  0.0000000 
S 1  0.0021007  0.02J3.W  O.OJ'iilAO  0.00?;/,;)') 
89  0.0333333  0.1)67000  0.3130000  0.0307300 
97  0.0000000  0.0000000  0,1)000000  0.0000000 
103  0.0000000  0.0000000  0.0000000  0.0000000 
113  0.0000000  O.GOOOOUO  O.OOOOOOO  0.0000000 
131  0.(1000000  0.0000000  O.OoOOOOO  0 . ooooooo 

179  0.0000000  0.0000000  O.OOOOooO  0.0000000 
137  0.0000000  0.0000000  0.0000000  O.OOOOOOO 
145  0.0000000  0.0000000  0,00000)0  0.0000900 
155  0.0000000  0.0000000  0.0000000  0.0000000 
101  0.0000000  0.0000000  0.0000000  O.OOOOOOO 
1 09  0.0000000  0.0000000  0.0000000  O.OOOOOOO 
177  0.0000000  0.0000000  0.0000000  0.0000000 
185  0.0000000  0.0000000  0.0000000  O.OOOOOOO 
193  0.0000000  0.0000000  0.0000000  O.0000000 
201  0.0000000  0.0000000  0.0000000  0.0000000 
209  0.0000000  0.0000000  O.OOOOOOO  0.0000000 
217  0.0000000  0.0000000  0.0000000  0.0000000 
225  0.0000000  0.0000000  O.OOOOOOO  0.0000000 
233  0.0000000  0.0000000  0.0000000  0.0000000 
241  0.0000000  0.0000000  0.0000000  0.0000000 
249  0.0000000  0.0000000  0.0000000  O.OOOOOOO 
257  0.0000000  0.0000001)  0.0000000  0.0000000 
265  0.0000000  0.0000000  0.0000000  0.0000000 
273  0.0000000  0.0000000  0.0000000  0.0000000 
281  O.0000000  0.0000000  0.0000000  O.OOOOOOO 
289  0.0000000  0.0000000  0.0000000  0.0000000 
297  0.0000000  0.0000000  0,0000000  0.0000000 
305  0.0000000  O.OOOOOOO  0.0000000  O.OOOOOOO 
313  0.0000000  0.0000000  0.0000000  0.0000000 
321  0.0000000  0.0053600  0 . 0032667  0.0000000 
329  0.0000000  0.0000000  0.0000000  0.0000000 


BOOST  CYLINDER 


5  6  7  -, 

o.ooooooo  o.ooooooo  o.ooouooo  o.oo <,  oo 

0.0000000  < 1.0000(100  0.0000000  <•.(■■"  '  c 

0.0000000  0.0000000  0.0000000  O.OCoOoC; 
O.OOOOOOO  0 . 0008  VOo  (/.  0<'0("‘Oi  I, .  00 

O.OOOOOOO  0.0000000  0.0000,19  0.6  •  000 

O.OOOOOOO  0.0000000  0.000(1'"  <  •'  ~:r, 

O.OOOOOOO  O.OOOOOOO  fi. 000400  -  -  "I 

O.OOW 0,0000<>0(f  (» .  (s(HhhU)o  -  .  i  ' « * ' '  '»(■■ 
0 .  004  •.'/»/,  7  O.OQ?W>HV  0  .  O  .<  *>(;()  >•,  )0. 

0.  (‘000000  O.OOOOOOO  <•,<?.'><}. .<•*•■{  ■  ..-i-.-j'; 

0.00344^0  0. 000*17..'.  ",  *  1  1'..*.  4 

O.Oi/OOOOO  0  .  i  m  .■<;  7.'0  '  ;  ■■(' 


0.0000000  0.0000  )00  u  -H,  V'OC 

O.OOOOOOO  O.OOOCUOO  (■.«  ■  <»'■>.'.  ■.  ’ 

0.0000000  0.0O00-.-H0  ' 

O.OOOOOOO  0 . 00O0OOC  1- .  •  ('U'U  (0  I-.. 

o.ooooooo  o.ooooofjf- 

0.0000000  0  .  OOGQOQO  .  «.  ..  • 

0.0000000  O.OOOOOOO  •  •  .  O'"'""' 

0.000<H*00  0.  (*('00000  I  c<\ 

0.0000000  J, OOOOOOO  O.O000-  . 

0  .  O  0(*0  00  0  n  .  r.onoooo  (  .  :  0('0(  -  ,  O00<  -<‘"0 

O  .  (ii)OOOOO  0 . 000000-)  0  .  '>000  '  •  .  OOO-V'OO 
O.OOOOOOO  0.0000000  (M'miO'"  1  0  .  ('He  '-'00  o 

O.OOOOOOO  0.0000000  0  .  "00  OH-  o  .  OrtOO  ,'OC 
() .  («O()(»0C»()  .  U()00<VH'  O  ,  000<K  •■■■0  o , c > 1 .  o oo 0 

0.0000000  0.  ">00000  i)  .  OOOri.vN,  '•>,  >00000  v 

0  .  <  0 00000  u.'  nuOOOO  id  0  0.0^00'>00 

o.ooooooo  o.ooooooo  o.oooo'Non  (..  ooo  o :• 

0.0000000  0.000000(1  0 .  000'. ",  ('(I  ,00(10000 
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TABU:  10.  VALUATION  01-  I- DAS  MODHL  WITH  A11-1S  Dl.SU'A  SPF.CTIUIM  (Continued) 
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TABU:  10.  YA1.1  DA !  1  ON  01-  IDAS  MO  DHL  KITH  A1I-1S  DLSIGN  SPLCTRUM  (Continued) 
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Tab!1'  11  presents  the  IDAS  -  ca  1  cul  at.  d  i';iti»uc  damage,  the 
resulting  projected  life  based  upon  that  incremental  damage  in 

100  hours,  and  the  upper  and  lower  bounds  discussed  previously. 
Since  all  fatigue  lives  fall  within  the  respective  bounds,  the 
PCM  svstem  satisfies  the  technical  acceptance  criteria  and  is 
judged  to  be  a  valid  means  for  assessing  latigue  damage  to  All  :  S 
"Mod  S"  fatigue-critical  components. 
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All- IS  IDAS  computer  program.  Appendix  A  contains  a  1  i  sting  oi 
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retrieval  for  each  aircraft  during  the  period  Ma rc h - Any us t 
1  o$u .  1  lie  table  shows  individual  and  total  damage  fractions  for 

each  component .  Also,  the  delta  logbook  hours,  delta  recorder 
flight  time  hours,  and  delta  recorder  ground  time  hours  were 
added  for  clarity.  The  three  damage  fraction  columns  are  la¬ 
beled  "SIRS",  "RHCORDFR" ,  and  "LOCI".  fhc  damage  under  the  "SIRS" 
column  results  from  the  calculations  performed  using  the  recorded 
flight  condition  category  times  and  the  associated  damage  rate 
coe  f  f  i  c  i  ent  s  .  The  damage  under  the  "RFCORPFR”  column  represents 
the  assumed  damage  based  upon  the  recorded  flight  time  multiplied 
by  the  inverse  of  the  recommended  retirement  life  of  the  com¬ 
ponent.  (  i  .  e  .  ,  the  fractional  portion  of  the  retirement  life  that 
has  been  used  based  upon  recorded  flight  time).  I  he  damage  under 
the  "1,0(1"  column  represents  the  assumed  damage  or  the  fractional 
portion  of  the  retirement  life  used  based  upon  the  logbook  air¬ 
frame  hours. 

Table  12  indicates  some  usage  differences  netween  the 
aircraft.  For  instance,  aircraft  S  (>  8 ,  5b  9 ,  571,  and  574  were 
stationed  at  iianchcy  A.ll.P.  while  aircraft  570  was  stationed  at 
CAIRNS  Field.  The  aircraft  stationed  at  Iianchcy  were  involved  in 
pilot  training  exercises  during  this  time  which  included  prac¬ 
ticing  autorotat  i  vc  landings.  As  should  lie  expected,  the  re¬ 
corded  ground  time  was  much  higher  on  these  lour  aircrait  and  was 
a  significant  portion  of  the  total  recorded  time. 

The  significant  amount  of  nondamaging  ground  time  is  re¬ 
flected  in  tiie  differences  between  the  "RhCORPhR"  and  "1.0c" 
damages.  The  "RhCORDFR"  damage  fractions  are  typically  00-807  of 
the  "1,0(1"  damage  fractions.  An  exception  is  the  total  damage 
entries  on  aircraft  571.  The  total  "I.OC"  damages  on  this  air- 
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craft  arc  significantly  lower  than  they  should  lu  I'ccau-u-  when 
the  data  retrieval  was  made  on  20  .June  1980  the  logbook  hours 
wet  .  entered  incorrectly.  The  result  was  that  the-  delta  log 
time,  and  thus  the  associated  "I. Oil"  damage  for  that  period,  hid 
to  be  arbitrarily  set  to  zero.  Based  upon  the  data  that  is  pro¬ 
vided  in  Table  12,  it  is  estimated  that  the  delta  lay  time  was 
probably  around  30  hours,  which  would  make  the  associated  total 
"LOG''  damages  for  this  aircraft  approximately  4  0".  higher  than 
listed.  This  increase  would  make  the  proportional  differences 
between  the  "RECORDER"  and  "LOG"  damages  for  this  aircraft  equiv¬ 
alent  to  the  other  three  aircraft  stationed  at  Hanchcy  A.II.P. 

In  general,  the  calculated  "SIRS"  damage  is  s  i  gn i f i cant ly 
lower  than  the  "RECORDER"  and  the  "LOG”  damage,  indicating  that 
little  time  was  spent  flying  the  most  damaging  maneuvers.  The 
most  striking  example  is  the  data  associated  with  the  main  rotor 
grip.  Every  LDAS-calculated  damage  entry  for  this  component  on 
every  aircraft  is  zero.  The  manufacturer's  fatigue  substan¬ 
tiation  report  indicates  that  the  only  flight  conditions  that  arc 
damaging  to  this  part  are: 

(1)  Longitudinal  control  corrections  at  0.9  VI i  at 
medium  gross  weight 

(2)  Spray  fire  dives  to  VTL  at  high  gross  weight 

(3j  Gunnery  run  pullups  to  the  left  at  0.8  VI.  at 
high  gross  weight 

(4)  Gunnery  run  pullups  to  the  left  at  YL  at  high 
gross  weight 

fa)  Gunnery  run  symmetrical  pullups  at  0.9  YL  at 
high  gross  weight 

8  8 


( ()  i  Gunnery  run  .symmetrical  pull  ups  at  VI.  at  h  i  gb 
gross  we  i  a  lit. 

\e  time  was  recorded  in  the  I'  light  condition  categories  t  wii  i  c;. 
t  :k'So  H  i  ght  conditions  were  assigned.  As  noted  in  Refer  :ic<  1, 
fiie  cross  weight  signal  was  deleted  when  trouble  with  tie  li  ft 
1  i  nk  -mount  ed  sensor  was  detected .  Time  for  a  1  1  f  1  ight  con.lit  ion 
iMteto  ties  was  a  rh  i  t  rar  i  1  y  forced  into  the  medium  gross  weight 
categories.  liven  though  most  of  the  flight  conditions  listed 
above  are  for  high  gross  weight,  it  is  certain  that  they  wei\  not 
flown  because  no  time  was  recorded  in  the  corresponding  medium 
gross  weight  flight  condition  categories. 

One  component  set,  the  main  rotor  retention  strap  fitting 
and  nut,  indicates  "SIRS"  damage  greater  than  the  associated 
"RMCORDHR"  and  "1.00"  damages.  This  is  true  for  the  four  aircraft 
stationed  at  llanchey  and  nearly  true  for  aircraft  570.  The  only 
damaging  flight  condition  category  associated  with  this  component 
set  is  "rotor  cycles."  Here  again,  the  higher  relative  damage 
accrued  by  the  four  aircraft  at  Hanchcy  can  he  attributed  to  the 
higher  number  of  rotor  cycles  that  would  reasonably  be  associated 
with  autnrotiit  ive  landings  and  normal  landings  that  were  being 
practiced.  1  he  relatively  large  damage  fractions  calculated  for 
the  iccordal  number  of  rotor  cycles  can  be  traced  to  the  manu¬ 
facturer's  fatigue  substantiation  report.  The  report  assumed, 
including  a  factor  of  safety,  that  5.5  rotor  start -stop  cycles 
would  be  performed  in  1  hour.  Tor  15,177  cycles  to  failure,  a 
fatigue  life  of  _!,“n0  hours  was  calculated  with  a  recommended 
retirement  life  of  _’,d() 0  hours.  Based  upon  the  aircraft  usage 
and  the  number  of  rotor  cycles  recorded,  this  estimate  of  5.5 
rotor  cycles/hour  may  not  have  been  conservative  enough;  also, 
the  validity  of  the  rotor  cycle  recording  process  should  be 
re a  s  s e  s  sed  . 
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The  data  in  Table  Id  indicate  the  completion  of  the  AH-lo 
I'CM  SI  US  system.  However,  it  should  be  considered  as  reference 
data  only  for  two  reasons.  First,  a  valid  distribution  of  re¬ 
corded  time  lit  the  three  gross  weight  ranges  was  not  afforded  due 
to  the  problems  with  the  gross  weight  sensor  as  noted  in  Ref¬ 
erence  1.  Second,  the  All  -  IS  FDAS  program  developed  under  this 
effoit  is  applicable  for  the  "Mod  S"  Cobra  while  the  actual  usage 
data  was  recorded  on  five  product  ion- S  aircraft. 


t 
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DEVELOPMENT  OF  AN  IMPROVED  E  IF'l  -  E  INK- BASED 
GROSS  WEIGHT  SENSOR 


DESIGN  MODIFICATIONS 

The  lift-link  sensor  assembly  used  during  past  flight  test 
on  A11-1G  and  AH- IS  helicopters  did  not  completely  satisfy  re¬ 
quirements  for  reliability  anil  repeatability  of  lift  load  data, 
output.  Therefore,  methods  to  improve  the  performance  of  the 
sensor  attachment  design  were  investigated.  i he  improved  desig: 
is  shown  in  Figure  1. 

In  order  to  meet  the  requirement  not  to  a  fleet  the  s t :  . 

t  lira  1  inti  grit)’  ■  •  f  the  lift -link,  steel  hearing  :  >  ales  -;i  ••  :  a. 

t  he  sensor  brae!  ''ts  a  re  mounted  were  enux  .•  •  he. .do  ;  t  o  ‘  i. 

I  he  sensor  supp  -it  brackets  a.  re  clamped  to  tie  Ve  r  in.  p  !  •■  *  e  s  . 


addition  secured  !  . 


■file  v.  ci,ht  of  tin. 


been  reduced  to  minimise  t  iie  effect  o  f  1\  r c  loads  on  * 
at  t.  a  c  hmen  t  mec’n  a  :\ '  ;n  . 


select  in  .  t  ho  best  sensing  dev  ice  tor  tile  i  i  ft  1  i  • 


cons i ue  rat i on  was  given  to  wire  tv no 


ra ; n  •  a ge  s  ,  l tide*  ’  i 


d  i  sp  lacoment  measuring  devices  such  as  lineai  .  a  r  i  ah  1  e  f.  .  .  f. 
ontial  t  rails  formers  ,  and  p  i  e:oo  I  ect  r  i  c  sen.  ms.  I  iie  dr.  r  :  n 
factors  for  selecting  a  p  i  enores i st  i ve  - 1 ype  t  ransduce i  w.  re  a 
combination  of  high  signal  output,  good  fat  i  pie  1  i  ■  ,  a:a.  on.- 

installation.  In  addition,  previous  experience  v  .  t  n  t  F.  :  s  t  vpi 
sensor  was  satisfactory,  provided  that  the  at  «  achmoa .  o.  ;  i  c  • 
the  lift  link  could  be  improved. 


The  sensor  selected  is  of  the  p  i  e  cores  i  a  t  i  ve  t  >  ge 
Morse  DMG- 0FF4 -  1 10 ) .  Its  principal  ci:a  rac  t e  r  ;  s  t  u  -  are 
of  1000  mV  at  an  excitation  voltage  of  1 0V  and  a  rn.<  i  .-ns  « 
able  deflection  of  +.015  inc.i,  l.inea.  ■  i  t  y  ,  repeat  an  i  1  i  t  \  ,  and 
hysteresis  are  within  0.05  percent  <>  l  ■  a !  •  .1  output  .  T'ie  fat  i  go 
life  of  the  sensor  is  greater  than  one  nil  linn  cycles  at  +  full 
sea  1 e  de fleet i on . 


i'he  operating  t  empe  rature  1.111a  is  50“!  to  J  t )  > )  °  I  .  liu- 
t  empe  r  a  t  tt  re  zero  shift  is  +0.5  mY/cl  at  1  mV  excitation. 

5  i'ATIC  LIST  l\G_  AT_  Till':  CONTRACTOR  ’  S  1  AT  11.1  IT 

'1  he  lift-link  assemblies  were  functionally  tested  in  a 
static  load  hydraulic  test  frame  as  shown  in  Figure  1.  i  he 
static  tests  covered  a  load  range  of  0  to  11,1)1)0  lb.  An  addi¬ 
tional  load  of  1,000  lb  was  applied  to  assure  a  margin  for  sat¬ 
isfactory  performance.  Three  data  runs  were  performed  with  each 
lift- link  assembly  to  verify  linearity,  repeatability,  and  hys¬ 
teresis  characteristics  of  the  measuring  system.  Figures  5,  4, 
and  3  represent  three  sequential  load  tests  which  show  the  per¬ 
formance  of  the  measuring  system  under  static  load  application. 

DYNAMIC  lb  Si’  1 NG  AT  Til  If  APPLIED  TECHNOLOGY  LABORATORY 

Instrumented  lift- link  assembly  #1  was  installed  in  a 
1  0,0 0 0 -lb  servo-hydraulic  fatigue  test  machine.  An  electronic 
function  generator  was  used  to  apply  a  ramp  load  to  the  assembly 
from  0  to  10,000  lb  and  then  back  to  0.  An  x-y  plotter  was  used 
to  plot  the  output  of  the  lift-link  strain  sensor  on  the  y-axis 
and  the  output  of  the  load  cell  on  the  x-axis.  The  gains  of  the 
x  and  y  channels  were  adjusted  for  a  deflection  of  10  chart 
inches  at  a  load  of  10,000  lb.  After  this  test,  the  link  was 
cycled  for  50,000  cycles  with  a  mean  load  of  7,000  lb  and  an 
alternating  load  of  1,000  lb.  A  second  static  test  was  performed 
at  the  conclusion  of  the  fatigue  test.  The  post -fatigue  test 
revealed  greater  hysteresis  than  the  pre- fatigue  test. 

Because  the  static  test  revealed  some  nonlinearities  that 
were  not  apparent  in  the  test  completed  at  the  contractor's  fa¬ 
cility,  three  additional  tests  were  performed  as  follows: 

a.  The  load  link  output  was  plotted  on  the  y-axis  versus 
time  on  the  x-axis  before  the  fatigue  test. 
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b.  The  load  link  output  was  plotted  on  the  y-axis  versus 
time  on  the  x-axis  after  the  fatigue  test. 

c.  The  load  cell  output  was  plotted  on  the  y-axis  versus 
time  on  the  x-axis. 

The  results  of  the  above  testing  are  reported  in  Figure  6. 
They  show  that  the  nonlinearity  is  attributed  to  the  lift  link 
and  not  to  the  load  cell.  Although  there  is  some  nonlinearity  in 
the  output  of  the  instrumented  lift  link,  it  is  primarily  at  the 
low  end  of  the  load  range.  When  used  with  a  SIRS,  the  output 
would  be  used  in  the  7 , 500- 10 , 000  -  lb  range.  The  performance  of 
the  link  is  adequate  in  this  range. 


1  1  § 


son new 
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CONCLUSIONS 


The  work  performed  under  this  contract  resulted  in  a  work¬ 
able  Fatigue  Damage  Assessment  System  (FDAS)  for  AH-1S  helicopter 
dynamic  components.  In  conjunction  with  flight  data  recorded  by 
the  SIRS  flight  recorder  system  it  is  now  possible  to  compute 
accumulated  fa tTgtre-  damage  from  operational  data  and  assess  the 
actual  versus  assumed  fatigue"damage . 

The  lift-link  sensor  system  has  been  redesigned  and  should 
operate  satisfactorily  under  the  operational  conditions  encoun¬ 
tered.  If  flight  tests  indicate  the  need  for  further  improve¬ 
ments  in  gross  weight  measurements,  the  possibility  of  instru¬ 
menting  transmission  mounts  and  rotor  control  linkages  should  be 
considered.  From  the  output  of  these  sensors  the  rotor  thrust 
can  be  computed  by  the  SIRS  recorder  for  all  flight  conditions. 
This  effort  could  be  performed  as  a  follow-on  program  after 
flight  evaluation  of  the  lift-link  gross  weight  sensor  perform¬ 
ance  . 


After  completion  of  the  program  d-scussed  in  this  report,  it 
can  be  concluded  that  the  results  obtained  establish  a  sound 
basis  for  a  future  program  consisting  of  SIRS  recorder  flight 
measurements  on  AH-1S  helicopters  to  establish  a  data  base  for  a 
statistical  evaluation  of  operational  damage  of  critical  dynamic 
helicopter  components. 
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RECOMMENDATIONS 


As  a  result  of  the  work  described  in  this  report,  several 
improvements  are  recommended  to  achieve  operational  status  of  the 
SIRS  recorder  system  and  effective  utilization  of  the  fatigue 
damage  assessment  program.  These  improvements  include  applica¬ 
tion  of  the  FDAS  program  to  the  AH-1S  product  ion -type  helicopter 
components  and  further  enhancement  of  the  gross  weight  measuring 
system.  In  addition,  relatively  minor  modifications  to  the  SIRS 
recorder  will  further  improve  reliability  and  accuracy  of  re¬ 
corded  flight  test  data. 

1.  Evaluation  of  Bell  AH-1S  Production -Type  Helicopter 

Component  Fatigue  LxTe 

The  data  contained  in  Reference  4  apply  for  the  develop¬ 
mental  model  AH-1S  helicopter  only.  The  component  overhaul  and 
retirement  schedule  for  the  AH-1S  production  helicopter  as  listed 
in  TM55-1520-236-23  includes  dynamic  components  with  different 
part  numbers  and  updated  retirement  schedules.  The  FDAS  program 
used  in  this  report  is  based  on  the  modified  AH-1S  version  and 
applies  to  the  large  number  of  this  type  of  aircraft  in  service. 
In  a  future  effort  this  program  could  be  adapted  to  the  pro¬ 
duction  AH-1S  aircraft  components. 


Gross  Weight  Measuring  System  Enhancement 


The  redesigned  lift-link  assembly  should  be  flight -tested  in 
a  production  AH-1S  helicopter  together  with  a  SIRS  recorder.  In 
addition,  an  oscillograph  recording  system  should  be  installed  in 
parallel  with  the  SIRS  recorder.  After  completion  of  a  specific 
flight  test  program  the  performance  of  the  lift-link  system 
should  be  evaluated  to  determine  its  proper  functioning  for  the 
purpose  of  measuring  gross  weight. 


In  the  case  that  flight  test  results  indicate  that  errors 
are  introduced  by  collective  and  cyclic  pitch  control  forces  as 
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indicated  in  Reference  5,  it  is  suggested  that  consideration  be 
given  to  instrumenting  the  pertinent  control  components.  A 
similar  problem  may  exist  with  the  transmission  mounts  through 
which  a  varying  amount  of  rotor  thrust  may  be  transmitted.  If 
necessary,  it  is  recommended  that  the  transmission  mounts  also 
be  instrumented.  These  additional  measurements  would  be  recorded 
and  processed  by  the  SIRS  recorder  and  could  significantly  con¬ 
tribute  to  gross  weight  measurement  accuracy. 

The  planned  flight  tests  to  determine  lift-link  performance 
will  also  present  an  opportunity  to  utilize  the  lift-link  signal 
for  takeoff  and  landing  detection  in  conjunction  with  the  SIRS 
recorder.  The  landing  and  takeoff  detection  method  developed 
during  the  preceding  program  could  not  be  thoroughly  evaluated 
due  to  the  short  time  remaining  on  the  contract  and  the  non¬ 
interference  aspects  of  the  mission  requirements  for  the  heli¬ 
copters  at  Fort  Rucker.  Therefore,  it  is  recommended  that  the 
lift-link  strain  sensor  signal  be  used;  this  will  provide  a  more 
reliable  and  direct  way  to  detect  landing  and  takeoff. 

3 .  Improvements  in  System  Reliability  and  Cost 

The  SIRS  recorder  uses  lithium  batteries  to  power  its  non¬ 
volatile  memory  components.  Extensive  operational  experience  has 
shown  that  these  batteries  have  a  service  life  of  about  one-half 
of  the  expected  1-year  period.  This  deficiency  can  probably  be 
overcome  by  modifying  the  circuits  involved.  However,  it  would 
be  prudent  to  investigate  the  latest  available  technology  in 
nonvolatile  memory  devices  that  do  not  require  battery  backup  and 
make  a  cost  benefit  evaluation  between  the  two  approaches. 
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Calibration  of  on-board  sensor  channels  is  a  requirenren^-__^_ 
that  cannot  presently  be  performed  on  an  independent,  noninter¬ 
ference  basis.  A  modification  to  the  recorder  that  may  correct 
this  problem  and  result  in  improved  operating  efficiency  should 
be  investigated. 

Also,  since  the  initial  development  of  the  SIRS  recorder, 
newer  technology  microcomputer  devices  have  evolved.  These 
devices  have  many  more  functions  integrated  onto  a  single  chip 
and  as  such  it  should  be  possible  to  reduce  the  chip  count  of  the 
recorder.  This  would  make  possible  an  even  smaller  package  and 
provide  even  higher  reliability. 
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ABBREVIATIONS 


A/S  Indicated  Airspeed 

EPROM  Erasable  Programmable  Read-Only  Memory 

FCC  Flight  Condition  Category 

FCM  Flight  Condition  Monitoring 

FCMMOD  Flight  Condition  Category  Damage  Rate  Calculation 

Program 

FDAS  Fatigue  Damage  Assessment  System 

GW  Gross  Weight 

H-GW  High  Gross  Weight 

IGF  In  Ground  Effect 

IPS  Initial  Processing  System 

L-GW  Low  Gross  Weight 

M-GW  Medium  Gross  Weight 

OAT  Outside  Air  Temperature 

OCC  Occurrence 

OGE  Out  of  Ground  Effect 

SIRS  Structural  Integrity  Recording  System 

Vjj  Maximum  Attainable  (Level  Flight)  Velocity 

V^  Limit  Velocity 
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LIST  OT  SYMBOLS 


Total  damage  to  a  component  accumulated  during  ex¬ 
posure  to  the  usage  spectrum 

Component  damage  accrued  during  the  flight  condi 

tion  category 

Damage  rate  in  flight  condition  category  for  a 

particular  component 

t  ll 

Amount  of  flight  time  spent  in  k  flight  condition 
category 

Total  flight  time 

Component  fatigue  life 

Number  of  flight  condition  categories 
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